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Nissin Steel Develops Laminated Stainless for 
Communication Cable Coating 


95FE0146A Tokyo KAGAKU KOGYO NIPPO 
in Japanese 21 Dec 94 p 8 


[FBIS Translated Text] Nissin Steel has developed lami- 
nated stainless steel for coating communication cables and 
has started marketing it in earnest. The need for high 
strength materials has increased because of damage to the 
communication cables of railroads and telephones caused 
by rats. The newly developed material is stainless steel thin 
plate both of whose sides are laminated with PET(polyes- 
ter)}-based films. It is of greater hardness and has superior 
processibility as compared with conventional aluminum 
and tin-free steel plates. The exclusive manufacturing line 
is already in operation at Ichikawa Plant (Chiba) and 
shipping has started to JR Higashi Nippon and NTT. The 
company will aggressively pursue development because of 
the expanding demand for communication cables such as 
optical fibers to keep pace with progress in the information 
society. 

Railroad signal cables have been bitten by rats and tele- 
phone cables in Hokkaido have been damaged by wood- 
peckers. These accidents with communication cables 
extensively affect society and strongly call for their preven- 
tion as the volume of transmitted information increases 
with the spread of optical fibers. 


Responding to this need, Nissin Steel developed cable 
coating material taking advantage of the hardness of 
stainless steel in cooperation with a wire maker. SUS 
304-based stainless steel with improved processibility was 
laminated on both sides with 50-micron-thick PET films. 
Usually cables are made with copper wire or optical fibers 
in the center which are covered with insulating polyeth- 
ylene (PE) coated with reinforcing metallic layers. Since 
contact between PET films and PE is critical, the company 
has improved adhesion jointly with a film maker. 


The thickness of the stainless steel is 0.125mm and is the 
thinnest compared with existing materials. The new mate- 
rial is seven times harder than aluminum and has 
repeated-impact resistance superior to that of tin-free steel 
which has comparable hardness. 


The company expects the expansion of future demand for 
communications cables and has been mass-producing it at 
the exclusive manufacturing facility installed at Ichikawa 
Plant. Practical use of the cables has begun at JR Higashi 
Nippon and NTT. 


At present applications are limited because the price of 
laminated stainless steel is three times as high as *hat of 
tin-free steel but cost reductions will be made due to its 
great potential demand. 


Tohoku U. Develops Perfect Single Phase Bulk-Like 
Amorphous Alloy 

95FE0146B Tokyo NIKKEI SANGYO SHIMBUN 

in Japanese 21 Dec 94 p 7 


({FBIS Translated Text] The research group of Prof. Aki- 
hisa Inoue, Research Associate Tao Chang, et al. of The 
Research Institute for Iron, Steel, and Other Materials, 
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Tohoku University have for the first time succeeded in 
producing perfect single-phase bulky amorphous alloy 
16mm in diameter and 20mm in thickness. It was accom- 
plished by using a zirconium-based alloy discovered by 
this group and by developing a new casting method where 
the alloy was completely melted in an arc melting furnace 
and was then quickly poured into a water-cooled copper 
casting die. With this method, the production of perfect 
single-phase amorphous alloy is possible even in a die with 
a complicated shape. Therefore it is expected to be applied 
in bio/dental materials, running components of automo- 
biles and machine tools, and connecting materials. This 
will open the door to the “metal glass” age. 


Development of bulky amorphous alloy has been pursued 
as “Special Promotional Research” funded by the Ministry 
of Education, and this group succeeded for the first time in 
the world in producing a bulky alloy of 300mm in length, 
10mm in thickness and 12mm in width with a composition 
of zirconium, aluminum, nickel, copper and palladium in 
September 1994. However, because the alloy was arc- 
me'ted in a water-cooled copper casting die, the crystalline 
phise was formed on the surface of contact between the die 
and the alloy and it was not perfectly single-phase. 


This time the zirconium/aluminum/nickel/copper alloy 
was first melted at 1600°C in an arc melting furnace. After 
the whole alloy was fully melted by strong convection, it 
was poured into the die at a high speed. The critical cooling 
speed, which is the speed of cooling the melt to form the 
amorphous solid, of the zirconium-based alloy discovered 
by this group is about 1000°C/sec and is three orders of 
magnitude slower than that for conventional amorphous 
= This speed is comparable to that for normal oxide 
ass. 


Use of an alloy which has a high potential to become 
amorphous and development of the new casting method 
where melted alloy can be poured into a casting die at an 
ultra high speed has enabled the production of the perfect 
single-phase bulky amorphous alloy. This group has made 
a firm step forward in the development of the bulky 
zirconium-based amorphous alloy. 


Professor Inoue says, “Theoretically it is possible to make 
perfect amorphous alloy of any shape if there is a casting 
die and the thickness is under 20mm.” Applications in 
various fields are expected, accentuating properties such as 
corrosion resistance, high strength, and great toughness. 


HOYA Develops Large Area Monocrystal Thin 
Film Using CVD Method 

95FE0146C Tokyo KAGAKU KOGYO NIPPO 

in Japanese 19 Dec 94 p 7 


[FBIS Translated Text] HOYA has succeeded in growing 
single- and poly-crystalline silicon carbide thin films on 
silicon substrates 3-4 inches in diameter. The formation of 
stable films on large area substrates and simultaneous film 
growth on multiple substrates can be brought about using 
chemical vapor deposition (CVD) which has opened the 
path to mass production. Silicon carbide has been 
expected to be as superior semiconducting material for 
environmentally resistant devices and power devices, but 
highly efficient technology for large area deposition has 
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not been developed yet. The company pursues the dev !- 
opment of applications as a primary material for next 
generation devices. 

Silicon carbide, which has already been used as a semicon- 
ductor jig coating material, is known to be a semicon- 
ductor with a wide band-gap of 2.2-2.9 electron volts and 
has been expected as a substrate for environmentally 
resistant devices. Low-price and high-quality silicon car- 
bide crystals have been required for a substrate on which to 
deposit thin films of diamond, gallium nitride, and various 
superconductors whose lattice constant is close to that of 
silicon carbide. 

HOYA developed the high-speed and mass-productive 
film deposition metliod based on the CVD technology for 
single- and poly-crystalline silicon carbide on silicon sub- 
strates 3-4 inches in diameter. The film thickness is at most 
5 microns for polycrystalline films and the thickness 
distribution is within plus minus 1% of the thickness for 
single crystalline films. The new method enables simulta- 
neous film deposition on multiple substrates with a large 
batch furnace and is more cost-effective than existing 
production methods. The company is planning to offer 
various applications sich as sensors emphasizing their 
applicability to next generation devices. 


oagosei Chemical Develops High Luminous 
—— Silicon Polymer Material 
95FE0146D Tokyo KAGAKU KOGYO NIPPO 
in Japanese 12 Dec 94 p 12 


[FBIS Translated Text] Toagosei has succeeded in the 
development of silicon polymer luminous material with 
high emission efficiency. The new luminous material with 
an emission peak at around 450 nanometers in the visible 
region. Its high efficiency of over 90% was accomplished 
by introducing x conjugate structure anthracene into o 
conjugate linear chain polysilane. It can be applied to next 
generation large-scale display and panel illumination such 
as wall and ceiling illuminations by developing large-area 
emission devices. Toagosei continues basic and applied 
research of the material and pursues its future 
commercialization. 


The new silicon polymer luminous material was developed 
by a group led by principal researcher Akira Kuriyama of 
Toagosei Tsukuba Laboratory. This project was among the 
silicon polymer material development projects in the 
Research and Development Program of Industrial Science 
and Technology by the Agency of Industrial Science and 
Technology, Ministry of International Trade and Industry. 


The new o-n conjugate polymer was synthesized by intro- 
ducing the x conjugate structure in a polysilane skeleton in 
order to improve the emission characteristics of o conju- 
gate linear organic polysilane which had attracted much 
attention as a luminous and photoelectric material. Meth- 
ylphenylpolysilane containing anthracene was synthesized 
by the reaction between o conjugate methyldichlorosilane 
monomer and x structure 9,10-bis(methylpropyichlorosil- 
yl)anthracene. The measurement of its emission character- 
istics showed bluish green light emission in the 400 to 500 
nanometer visible region with its peak at around 450 
nanometers and a high emission efficiency of 87 percent. 
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Linear chain polysilane shows luminescence only in the 
350 nanometer ultraviolet region. Anthracene shows lumi- 
nescence at around 420 nanometers but its emission effi- 
ciency of 36 percent is low. On the other hand, the high 
emission efficiency of the new polymer developed by the 
Toagosei research oup seems to be attributable to the 
emission of visible light from o conjugate Si-Si bond 
excitation and energy transfer from o conjugate to x 
conjugate systems. 

Polyphenylenevinylene x conjugate polymers and organic 
polysilane o conjugate polymers are widely considered to 
be the next generation luminous and photoelectric mate- 
rials. However, especially organic polysilane emit only 
ultraviolet light. The development of visible-light emitting 
network polysilane where Si-Si bonding chains form a 
network has been continued. Because the carrier lifetime 
of network polysilane was found to be short, it might be 
difficult to apply it as a display material. 


Although Toagosei’s o-x conjugate silicon polymer should 
be improved to increase the efficiency of conversion from 
electric current to photo-energy, it has overcome some 
probier)s and has characteristics such as it being possible 
to process a solution thereof on a large area and its giving 
various color esentations. The application of these fea- 
tures for supe: large displays and large-area wall and 
ceiling panel illuminations is promising. 


GIRI Hokkaido Succeeds in Organic Silicon Thin 
Film Synthesis by Excimer Laser 


95FEO146E Tokyo KAGAKU KOGYO NIPPO 
in Japanese 12 Dec 94 p 12 


[FBIS Translated Text] The Government Industrial 
Research Institute, Hokkaido (GIRI Hokkaido) of the 
Agency of Industrial Science and Technology has suc- 
ceeded in synthesizing organic silicon polymer thin film 
using an excimer laser. Although the applied research of an 
excimer laser has advanced in medicine and other fields, 
the use of the excimer laser in polymerization reactions is 
very infrequent except for in reports on carbon-based 
polymers. The material characterization of organic silicon 
polymer has not been fully investigated because of the 
difficulty of processi ng it, but this success in the polymer- 
ization and growth o organic silicon polymer thin films 
with the excimer laser permits the discovery of new 
properties and the development of new applications and 
new silicon-based composite materials. 


The polymerization and synthesis method for the new 
organic silicon polymer was developed by the research 
group led by Chief Researcher Masaaki Suzuki of the 
Silicon Materials Laboratory, Department of Materials in 
Extreme Environments, GIRI Hokkaido. This project was 
a part of the gas phase polymerization reaction technology 
research using plasma and an excimer laser without 
catalysts. 


_ The mechanism of pol-‘mer abrasion and deposition by the 


excimer laser is as follows: when polymers are exposed to 
laser beams, they absorb the light and are activated; highly 
concentrated activated species are produced and decom- 
posed photochemically, molecular fragments are scattered 
and polymerized; and finally polymers are deposited on 
the substrates. 
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The linear chain polymethylphenylsilane which is soluble 
in solvents and network polysilane which is insoluble in 
solvents were exposed to the excimer laser KrF (krypton 
fluoride) 248 nanometer beam in the low gas pressure of 
nitrogen or argon. From both starting materials, organic 
silicon thin films with a similar structure were obtained 
although some peaks such as Si-C and Si-H which did not 
exist in the starting polymers were detected. Changing 
experimental conditions such as gas pressure and laser 
intensity appeared to enable control of the amount of Si-C 
and Si-H bonds and surface states. 

Since the processibility of organic silicon polymer, espe- 
cially insoluble and infusible network polysilane which has 
a network of Si-Si bonding chains, is very poor, not only 
material processing but also material characterization 
have been difficult. Therefore the development of thin film 
technology has been a major issue. On the other hand, the 
application of the excimer laser has been widened in 
various fields but its use for polymerization reactions 
accompanied by polymer abrasion and deposition was 
very low except for in the case of carbon-based polymers 
such as polymethylmethacrylate (PMMA) and in a recent 
report on fluorine-based polymer. 


Using the new polymerization and formation technology 
established this time by GIRI Hokkaido for organic silicon 
polymer thin films made with the excimer laser, it is 
possible to develop new composite materials combining 
existing functional materials and silicon polymer thin 
films in addition to characterizing materials and devel- 
oping their applications. 


The research group is planning to study the correlation 
between the deposition conditions such as pressure, laser 
power, and 351 nanometer laser wavelength of xenon 
fluoride XeF and the structure of films and to investigate 
the material's characteristics aiming at establishing a 
practical technology. 


Kogakuin U. Develops Heat Treatment Method to 
rr pee Mechanical Property of Beta Titanium 
95FE0146F Tokyo KAGAKU KOGYO NIPPO 

in Japanese 8 Dec 94 p 8 


{FBIS Translated Text] Prof. Naotaka Niwa et al. of the 
Faculty of Engineering, Kogakuin University have devel- 
oped a new heat treatment method to improve the 
mechanical properties of B titanium alloy. This ts called a 
two-stage age treatment. After cold-working, heat treat- 
ment is carried out twice. The first heat treatment at 600°C 
improves the ductility and the second one at 400°C 
increases the strength. So far only one heat treatment was 
used to increase the strength but caused a deterioration of 
ductility. A 10%-higher tensile strength of 1.7 gigapascal 
(GPa) was obtained by the new method without decreasing 
the ductility. Since B titanium alloy has been expected to 
be widely used as a cold-workable material, a method to 
improve its properties has been required. 


The titanium alloy mainly used is the a-B-type with a 
typical composition of titanium-6% aluminum-4% vana- 
dium for aerospace applications. However, this has the 
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disadvantage of difficulty in cold working. Therefore B- 
type alloy has recently come into wide use because of its 
high strength and the low cost of its being cold-worked. 
The alloy used this time is titanium-15% vanadium-3% 
chromium-3% tin-3% aluminum. 


A general method of working f-alloy is first by a solution 
treatment that brings about rapid cooling from the high 
temperature s.ate to make a solid solution, 
which induces cold-workability. After cold-working, the 
type of heat treatment called aging treatment recovers the 
alloy’s atomic arrangement and gives it strength, but the 
ordinary treatment at 450-S00°C tends to cause a decrease 
in ductility. 

Professor Niwa of Kogakuin University found that the 
two-stage aging treatment improved the balance of 
strength and ductility after many experiments with 
changing the heat treatment conditions. A tensile strength 
of 1.72 GPa and a 35.3% reduction in area as a ductility 
measure were obtained with the conditions of 600°C for 
one hour and then 400°C for three hours. This shows an 
improvement in strength without a deterioration of duc- 
tility. Professor Niwa speculates that the physical proper- 
ties were improved because after high ductility was 
obtained by the first treatment a decrease of ductility in 
the second treatment to increase strength was small. 


The final stable phase of B-titanium alloy contains a 
mixture of the a phase and § phase. Generally the denser 
and more the structure, the better the phys- 
ical properties. A large a phase and small a phase coexist in 
the alloy age-treated twice in this method. Stabilization of 


the B phase by precipitation of the a phase and its relation 
to the physical properties will be studied further. 


Mitsui Toatsu Chemicals Develops High Heat 
Resistance Silicon 


95FE0147A Tokyo KAGAKU KOGYO NIPPO 
in Japanese 7 Dec 94 p 3 


[FBIS Translated Text] Mitsui Toatsu Chemical has devel- 
oped a high heat-resistance silicon polymer material and is 
starting to develop its applications. This silicon polymer 
material is called MSP and has a higher heat resistance 
than polyimide which is a primary polymer used in engi- 
neering plastics. This polymer can be processed by melt 
spinning while melt-molding and be turned into composite 
materials with glass fibers and carbon fibers. The company 
developed other materials with a similar structure 
but decided to focus on MSP because, considering the 
manufacturing method, MSP was the best candidate for 


practical use. 


The chemical name of MSP is poly(phenylsilylenethy- 
nylene-! ,3-phenylenethynylene) and its molecular weight 
is over 2000. MSP is a pale yellow solid material and 
soluble in benzene and toluene. It can Se melt-molded at 
90-150°C and its thermosetting temperature is 150-210°C. 
The characteristic property of this material is heat resis- 
tance. Its 5%-weight-loss temperature, which is a measure 
of heat resistance, is 860°C in argon gas and much higher 
than the 586°C of polyimide. The weight loss of MSP is 
only 6% even at 1000°C. Its modulus of bending elasticity 
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4 ADVANCED MATERIALS 


is 5.5 GPa and its bending strength is 9.6 MPa. Compared 
with polyimide whose modulus of bending elasticity is 2.5 
GPa and whose bending strength is 131 MPa, the bending 
strength of MSP is inferior. The bending strength of MSP 
composite materials was improved to 103 MPa with glass 
woven fibers and to 109 MPa with carbon woven fibers. 


The mechanism of its high heat resistance is not clear yet, 
but a hardening reaction participated in by the silicon- 
hydrogen bonds and carbon triple bonds of MSP may 
contribute to increase the heat resistance. 


MSP was synthesized by the dehydrogenation polyconden- 
sation of phenylsilane and m-diethynylbenzene in benzene 
as a solvent. A metal oxide catalysis of magnesia was used 
to prevent the addition reactions. This production method 
is relatively simple and cost-effective. 


JRDC, German Lab Joint Research Project on 
Ceramics Ultra Plasticity 


95FE0147B Tokyo KAGAKU KOGYO NIPPO 
in Japanese 7 Dec 94 p 1 


[FBIS Translated Text] Research Development Corpora- 
tion of Japan (JRDC) (Chief director Hiromichi Mat- 
sudaira) and Germany's Max-Planck Metal Institute 
agreed to start an international cooperative research 
project in the field of “ceramics superplasticity” this year 
and signed a document of mutual t on the 6th. 
This is a part of the “International Cooperative Research 
Program” directed by JRDC and this project is their sixth. 
The research period is planned to extend five years from 
January 1995. The goal of this cooperative research is to 
study and elucidate the phenomenon of ceramics super- 
plasticity on the atomic level. “Superplasticity” is the 
property some kinds of materials have at tempe’ atures far 
below their melting points when some forces are applied to 
them and they stretch like chewing gum witliout losing 
their basic features. 


The phenomenon of ceramics superplasticity was found in 
1985 by Dr. Fumihiro Wakai (Group leader of the Gov- 
ernment Industrial Research Institute, Nagoya, Agency of 
Industrial Science and Technology), who is a primary 
researcher on the Japanese side of this cooperative project. 
Subsequent research on this phenomenon has been pro- 
ceeding worldwide. Ceramics superplasticity appears when 
the crystal grain size of ceramics approaches the nanom- 
eter scale. It seems that the sliding of crystal grains between 
each other while maintaining adhesion at the grain 
boundary interface causes reorientation and rotation of 
crystal grains and results in large-scale deforniations. 


Toshiba Silicone Develops Insulating Silicon 
Material 

95FE0147C Tokyo NIKKEI SANGYO SHIMBUN 
in Japanese 5 Dec 94 p 5 


{FBIS Translated Text] Toshiba Silicone (Roppongi, 
Tokyo) has developed a silicon material which becomes an 
electric insulator under light exposure. This material can 
be used in flat surface wiring technology because it under- 
goes almost no volume change with light exposure. Also it 
can be applied in the 3-dimensional wiring of block 
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specimens. Some existing silicon materials lose their elec- 
tric conductivity with light exposure but their simulta- 
neous liquefaction makes impossible their practical use in 
wiring technology. 

This research was part of the Research and Development 
Program of Industrial Science and Technology by the 
Agency of Industrial Science and Technology. The results 
will be presented at the 2nd Symposium for Silicon 
Polymer Materials to be held from the Sth in Tokyo. 


The newly developed material is a kind of pulysilane 
compound with randomly bonded silicon atoms. While 
silicon atoms were bonded in a network to prevent lique- 
faction, the photosensitivity of substitute groups, which 
were introduced to bring silicon bonds into disorder, was 
enhanced. The substitute groups are the triphenylsily! 
group which is silicon atom bonded to three benzene rings 
and the ring thienylene group containing sulfur atom. 
Ultraviolet light irradiation of this material causes 
breakage of a part of the silicon-silicon bonds and insertion 
of oxygen atoms into the network structure. The original 
electric conductivity ranging between that of semiconduc- 
tors and that of good conductors drops drastically to one 
billionth and becomes an insulator after the reaction. 
Conductive “electric wires” can be laid on materials by 
light exposure with the mask technique used in semicon- 
ductor processing. The research group estimates the min- 
imum width of the electric wires to be | micron (one 
thousandth mm). 


No volume increase was observed after the photochemical 
reaction and therefore stepless wiring is possible. This 
feature is a great advantage for lamination wiring. Also 
insulating parts can be made 3-dimensionally at points of 
intersection by irradiating light in each of the directions: 
back and forth, right and left, and top and bottom. 

The etching process used in semiconductor processing is 
not needed and poi chemicals such as acids are 
unnecessary, thus minimizing environmentally hazards. 


The new material can be dissolved in organic solvents and 
painted easily on substrates to make large-area thin films. 
The research group is expecting wide applications beyond 
semiconductor wiring technology in areas such as the 
electric wiring on walls and ceilings. 


F 


95FE0147D Tokyo KAGAKU KOGYO NIPPO 
in Japanese 5 Dec 94 p 8 


[FBIS Translated Text] Chichibu Onoda is increasing 
structural and functional ceramics production facilities at 
the Onoda Plant (Onoda City, Yamaguchi) and a 
Plant (Kumagaya city, Saitama), both being key plants for 
ceramics production. Facilities to be expanded deal with 
silicon nitride powder which is a raw material for wear 
resistant ceramics at Onoda, with rutile single crystals for 
optical communication at Kumagaya, and with chip 
trimmer condensers for various kinds of portable commu- 
nication equipment at Kumagaya. Each division has been 
continuing large scale operation in response to great 


Chichibu Onoda Expands Ceramics Production 
acilities 
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demand and the increase in facilities this time was planned 
to expand the ceramics business encompassing its intro- 
duction to new users. At present the company is working to 
strengthen the of the ceramics business and 
three products to be concentrated on this time are being 
considered as the company’s future pivotal products. 


Chichibu Onoda is a new company which was born in 
Cctober from the merger of former Chichibu Cement and 
the former Onoda Cement. It has been working to reorga- 
nize its cement operations which is its main business as 
well as its fine ceramics operations as a nucleus of its new 
materials business. 

The new structure of the ceramics business 
has already been determined: electronics and optoelec- 
tronics related products are to be at Kumagaya Plant; 
ceramics raw materials and structural ceramics at Onoda 
Plant; and research and development at the Research 
Institute in the ceramics business headquarters. Various 
products mauufactured at both plants are sold by its 
Kumagaya Plant whose facilities are to be increased this 
time has two production lines for trimmer chip condensers 
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and a monthly production capacity of three million pieces. 
The demand is growing for these condensers, which 
are used in portable communication equipment such as 
beepers and cellular telephones, and therefore a new 
production line with a monthly capacity of 1.5 million 
pieces will be installed to establish a monthly total 
4.5-million-capacity organization by early next year. 


At Onoda Plant, facilities for silicon nitride powder will be 
increased. The existing lines are in full operation at present 
due to demand for wear resist components and automobile 
parts. The scale of reinforcement and the implementation 
time will be determined this year. 


The rutile single crystals produced by the company’s 
original EFG method have received many inquiries with 
regard to communication equipment components and the 
facilities will be increased to respond to needs. Mass 
production is planned to start next spring. 


These three products are now the nucleus of the company’s 
ceramics business and strengthening the system for supply 
of these products will enable a response to a growth of 
existing demand and will also open new user markets. 
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Daihatsu To Market Individual-Use Electric 
Vehicles in 1995 

95FE0172A Tokyo NIKKAN KOGYO SHIMBUN 
in Japanese 4 Jan 95 p 13 


[JPRS Translated Text] Daihatsu Motors (Takashi Toyo- 
zumi, President) announced that they have developed a 
very small type, single rider, four wheel electric vehicle 
(EV) named ihe “Minicar (tentative name)” and that they 
could begin marketing this vehicle, the first such vehicle 
marketed in the country, by this spring. The number of 
units to be sold will be limited to 200, and 

projecting that the price of these vzhicles will be 
¥ 900,000, around one-third of the cost of 

Daihatsu EVs. They are anticipating 
vehicle model approval from the Transportation 
this spring. therefore, it will be possible to 
vehicle on general roads with a normal drivers li 
decision on full-scale marketing will be made after € 
ating the situation following the completion 


t 


bi 


i 
¢ 
tl 
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average streets are said to be rare in the worid. 


Daihatsu Motors currently markets the “DAISETTOBAN 
Electric Vehicle” light motor vehicle. They have sold a 
total of 1,961 of these vehicles as of the end of September 
1994. This accounts for about a 80 percent market share 
for on-road type EVs, which can operate on regular 
However, at ¥ 30 million, they are high priced, and most of 
the demand for these vehicles have come from the govern- 
mental sector. Therefore, they plan to introduce this 
Minicar to the market as a car model to meet 


é 


The size of the Minicar is 2.4 meters in length, | meter in 
width, and 1.5 meters in height. Its maximum speed is 60 
kilometers per hour, and it can travel 40-45 kilometers on 
a single charge. It can be recharged from home power 
sources, and a full recharge takes around eight hours. The 
power of electric motors, which corresponds to an engine 
in a gasoline vehicle, is restricted to under 0.8 
kilowatts (0.8 horsepower). However, because it was nec- 
essary to increase the power for a four-wheeled vehicle, for 
the first time a permanent magnet motor was used. The 
control method was also changed from the previous tran- 
sistor chopper type to an inverter type control, thereby 
increasing the maximum output power to 5 kilowatts. 
Assembly of this vehicle is slated for Daihatsu’s Oita 
factory (Gvinna Prefecture, Kawanishi City). 


They rian to market the first 200 of these vehicles for 
housewives, the elderly, and for municipality use. They are 
aiming at filling the “town car” demand, which is used for 
things such as shopping. They pian to perform follow-up 
surveys on factors such as rider a and usability, and 
consider te possibility of going forward with mass- 
production: of this car, including the introduction of a 
two-p7ssenger model. 

Furthermore, they will show this Minicar at the “13th 
International Electric Automobile Symposium,” which is 
scheduled to be opened in Osaka in October 1996. 
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Teyota Motor Corp. Develops New Catalytic 
System for Lean-Burn Engine 

94FE0941A Tokyo NIKKEI SANGYO SHIMBUN 
in Japanese 20 Sep 94 p 1 


[FBIS Translated Text) The Toyota Motor Corp. has 


adsorbent and install the system in passenger cars larger 
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That is the reason why other companies besides Toyoia 
such as Nissan and Mazda are using this system in their 
newer model cars such as the Sunny aad Familia. Mazda is 
also developing a new catalytic system for its lean-burn 
engine. 

The le.n-burn engines of Nissan and Mazda have been 


first domestic car manufacturer to install it in a 1800cc 
class vehicle. 


If lean-burn engincs were used in larger vehicles, the 
engine could be put into full-scale mass production and 
that would also lower production cost. It appears that the 
competition among car manufacturers to develop a high- 
efficiency catalyst for larger vehicles will become a little 
more intense. 


pr CO Spe Slee Sag Sanaa oe 


94FE0941B Tokyo NIKKEI SANGYO SHIMBUN 
in Japanese 14 Sep 94 p 5 


[FBIS Translated Text] The NEC Corp. has developed a 
large-capacity condenser with a quick charge/discharge 
capability. The condenser has an electric double-layer con- 

struction and a storage capacity of 470 farads, which is 


the condenser are as a catalytic heat source in treating auto 
exhaust gases or as a partial power supply for electric 
vehicles. Major car manufacturers assessed the performance 
of the condenser and verified commercial applicability. 


The newly developed high-capacity condenser, which is 


condenser 
used as a backup for personal computers. The smaller 
capacity version of the condenser uses a paste-form active 
charcoal as an electrode, but the large-capacity condenser 
uses a phenol resin and active charcoal mixture that has 
been hardened by baking. Baking causes hydrogen and 
oxygen to be released, thereby forming small air pockets 
within the electrode and greatly expanding the surface area. 


This technique reduces the resistance within the condenser 
to 4 milliohms, which is about one-tenth of small-capacity 
condensers, and also facilitates a rapid flow of current of 
more than 500 amps. 


The large condenser which NEC prototyped is 27cm x 
Iicm x 22.5cm, and weighs | kg. Tests confirmed output 
per unit of weight to be more than 10 times that of 
secondary batteries such as lead storage batteries, and that 
it can charge to 80 percent capacity in about 30 seconds. 
An ordinary lead storage battery normally takes abuut six 
hours to charge to 80 percent capacity. 


If the condenser is used as a power source to heat catalysts 
used to treat exhaust gases in automobiles, it will enable 
exhaust gas from the most toxic exhaust-producing engines 
to be treated within 30 seconds after starting the engine. 
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If the condenser is installed along with the main battery in 
an electric vehicle, it will enable electricity to be exchanged 
between the battery and condenser during deceleration 
and acceleration, thereby reducing the load on the battery. 


A performance evaluation given by a major car manufac- 
turer demonstrated that this condenser enables an electric 
vehicle to recycle nearly 70 percent of the electricity 
produced during deceleration. Using just a battery, NEC 
was only able to recycle 20 percent of the electricity 
generated. This was because during deceleration there are 
moments when up to 50 watts of energy are generated. 


In addition to use as an auxiliary power supply for electric 
vehicles, NEC also plans to offer it as an emergency power 
source for system devices. 


Matsushita Battery Industrial Co. To Develop 
Sealed-Type Batteries for EV 


94FE0941C Tokyo NATIONAL TECHNICAL REPORT 
in Japanese 18 Aug 94 pp 59-67 


[Article by M. Ikoma, N. Morishita, Y. Hoshino, S. 
Hamada, N. Hoshihara, and K. Yainasaka, EV 


Battery 
Development Center. and H. Matsuda, K. Ota, and T. 
Kimura, Home Appliance Technology Research Lab] 


[FBIS Translated Text] The Matsushita Battery Industrial 
Co. is developing a sealed lead-acid battery and sealed 
nickel-meta! hydride battery which it hopes to commez- 
cialize by 1998 as battery systems which fulfill the basic 
characteristics such as specific energy, specific output, and 
cycle life that are required of electric vehicles used in the 
city. 

In the development of the sealed nickel-meial hydride 
battery, in order to give the battery larger storage capacity, 
Matsushita developed a Ca-compound-added positive 
electrode having excellent high-temperature charging effi- 
ciency. By optimization of alloy composition, surface 
treatments, and binders and conductive additives, it also 
developed a hydrogen-absorbing-alloy negative electrode 
having excellent high-capacity cycle life. The module bat- 
tery which incorporated these technologies was found to 
have twice the specific energy, more specific power (160 
Wh/kg), and longer cycle life than conventiona! lead-acid 
batteries. 


In the development of the sealed lead-acid battery, Mat- 
sushita developed a positive electrode having exceilent 
high-capacity cycle life based on higher PbO, density and 
the addition of SnSO,. By optimization of lignin and 
BaSO, additives, it also developed a negative electrode 
which lost none of its high-rate discharge characteristic 
after numerous charge-discharge cycles. The module bat- 
tery which incorporated these tech was found to 
have significantly better cycle life (S00 cycles) and specific 
power than conventional lead-acid batteries. 


Matsushita has determined with the improvements made 
in basic performance that these batteries may be used as 
storage batteries for electric vehicles. 


1. Introduction 


One of the major problems being faced in the world today 
is the environmental crisis being brought on by acid rain 
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due to nitrous oxides and global warming due to carbon 
dioxide. The electric vehicle (EV) has emerged once again 
as a viable way to solve these problems since it does not 
emit exhaust gases. According to the Air Purification Act 
approved by the U.S. government in June 1990, car 
manufacturers will be mandated by law in the state of 
California starting in 1998 to manufacture and sell EVs 
that do not emit exhaust gases, and 13 other states are 
expected to follow. The Ministry of International Trade 
and Industry in Japan likewise has proposed a plan in 
which 200,000 EVs arc to be in use by the year 2000. Car 
manufactures in Japan and elsewhere are busy at work 
trying to develop practical EVs which are suitable for city 
driving and which can put on the market by the year 1998. 


Earlier EV models never really caught on because they get 
poorer mileage, have poorer acceleration and hill-climbing 
ability, require more maintenance (water and charging), 
and cost more than engine-powered vehicles. Most of these 
problems had to do with the on-board battery. It is 
important, therefore, that current batteries be made more 
efficient, and that advanced batteries be developed having 


greater specific energy. 


With that in mind, various battery manufacturers and 
research labs around the world have started conducting 
R&D on existing batteries such as the lead-acid battery and 
nickel-cadmium battery, and on advanced batteries such 
as the nickel-metal hydride battery, sodium-sulphur bat- 
tery, and lithium battery. The United States, in particular, 
formed an organization called the USABC (U.S. Advanced 
Battery Commission), which has been a joint effort by the 
government and electric power companies since May 1992 
to develop the aforementioned advanced batteries. It is 
essential, with regar? to storage batteries used in EVs, that 
improvements be made in the basic performance required 
for city driving such as specific energy, specific power, and 
cycle life, that those batteries have storage capacity 
between 50-120 Ah and total voltage between 200-300 V, 
and that the battery be maintenance-free, reliable, and safe 
to use. It is also essential that a battery charging and 
monitoring system be developed as well. 


The researchers and engineers who have contributed to 
this article are involved in R&D on a sealed lead-acid 
battery and sealed nickel-metal hydride battery that 
achieves a balance in the overall performance require- 
ments stated above with the goal of putting those batteries 
into commercial use by the end of the decade. In this 
paper, we report on the results obtained trying to upgrade 
the basic characteristics of the lead-acid battery and nickel- 
metal hydride battery, and on the possibility of using these 
batteries in electric vehicles. 


2. Nickel-Metal Hydride Battery for EVs 
2.1 Profile of Nickel-Metal Hydride Battery for EVs 


The nickel-metal hydride battery is a type of storage 
battery which uses nickel oxide as the positive electrode, 
similar to a Ni-Ca battery, and uses a hydrogen- 
absorbing-alloy as the negative electrode. It is a new 
high-density battery system that is used commercially as a 
power supply for portable equipment. This system has a 
number of outstanding features, and is being considered as 
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a relatively large mobile power source. Below, we list the 
five main features of this battery for EVs: 


(1) Higher specific energy (affords better mileage) 


(2) Output remains stable with high specific power to deep 
depth of discharge (affords better acceleration and hill- 
climbing capability) 

(3) Long cycle life 

(4) Maintenance-free and highly safe 

(5) Environmentally friendly and recyclable 


Public research institutes and battery manufacturers, for 
that reason, are moving quickly to research and develop- 
ment on this system. 


The charge-discharge reactions within the liquid alkaline 
electrolyte are expressed by the following equations for the 
positive and negative electrodes, respectively. 


Positive electrode: 


Ni(OH), +OH- = NiOOH + H,0+e-:::::--- (1) 
Negative electrode: 
M+H,O+e~ = MH ogy + OH™ . .. .........-2..2..2.2. (2) 


Here, M stands for hydrogen-absorbing-alloy, and MH,, 
for absorbed hydrogen (metallic hydride). Accordingly, the 
battery is expressed by the following equation: 


Ni (OH), +M=* NiOOH + MH gy -=-----2-0222 (3) 


Figure | is a drawing showing this reaction model. The 
unique feature of the nickel-metal hydride battery is that 
the electrolyte solution increases and decreases as 
hydrogen moves from the positive to the negative elec- 
trode during charging, and conversely, from the negative 
to the positive electrode during discharging. 


It is possible to seal the battery if the capacity of the 
negative electrode is sufficiently larger than that of the 
positive electrode. This happens by the following equation 
in which the oxygen gas produced during overcharging 
from the positive electrode is reduced by hydrogen within 
the hydrogen-absorbing-alloy negative electrode. 


MH,+0,=MH,.,+2H,O 


In order to keep internal pressure from rising when 
hydrogen gas is produced from the negative electrode due 
to the ambient charging temperature and rapid charging, a 
method has been adopted to give the negative electrode a 
water-repellent characteristics. This enables hydrogen gas 
to be absorbed directly from the gas-solid interface on the 
surface of the hydrogen-absorbing alloy according to the 
equation below, and enables internal pressure to be kept 
from rising. 


MH H, MH gag .................................. (5) 
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Figure 1. Charge-Discharge Reaction Mechanism of Nickel-Metal Hydride Battery 





Figure 2 shows construction of the prototype battery. The 
electrode group is configured with interspersed layers of 
positive and negative electrodes separated by a polypropy- 
lene separator. After being placed in a battery casing made 
of resin and filled with an alkaline electrolyte, the battery 
group is sealed off by a cover which has a safety valve. 


















































Polypropylene Separator 
Figure 2. Structure of Nickel-Metal Hydride Battery for 
EVs 





2.2 Element Technologies of Nickel-Metal Hydride Battery 
for EVs 


2.2.1 Development of Nickel Positive Electrode 


One of the most important features that affect tiie reli- 
ability of mileage in an actual EV is how stable the 
discharge capacity of the battery is across a wide range of 
temperatures. Generally speaking, when the temperature 


of a nickel electrode rises above 45°C, it causes, in addition 
to the charging reaction as expressed by equation (1), a 
competing oxygen-producing reaction according to the 
equation below, which then lowers charging efficiency and 
reduces discharge capacity. 


OI-- 1/2H,0+ 1/40, +> ..................... (6) 


Since the oxygen-producing overvoltage of the nickel elec- 
trode decreases when temperature rises, a method had 
been proposed to prevent this from happening by adding 
CdO to the inside of the positive electrode. However, CdO 
cannot be added because one of the features of this battery 
is that it contains no cadmium. We also believe that it 
would be harder with the larger batteries used in EVs to 
evacuate the internal heat produced within the battery, 
and that the internal temperature of the battery would rise 
higher than smaller batteries. Accordingly, we determined 
that it was more important to improve charging efficiency 
than to add CdO. 


With that in mind, we tried adding various compounds to 
the nickel positive electrode and investigating the utiliza- 
tion rate of nickel hydroxide at a temperature of 45°C. In 
Figure 3, we show the results of that research. With 
utilization rates greater than 70%, we found that adding 
Ca(OH),, CaS, CaF,, Sr(OH),, and Y,0, was effective in 
improving charging efficiency. The results were particu- 
larly large in the case of Ca(OH),, CaS, and CaF,, where 
the utilization rate was more than 80%. In Figure 4, we 
show charging behavior when a Ca compound was added. 
We can see that the voltage in the final charging period of 
the battery rose more with the Ca compound and CdO 
added than it did when no additives were added. We can 
also see that an additive is more effective at preventing the 
temperature from rising than no additive. From the fore- 
going, we have determined that the addition of the Ca 
compound to the electrode was effective at improving the 
utilization rate of nickel hydroxide because it increased the 
Oxygen-producing overvoltage at 45°C and shifted the 
reaction of equation (1) to a deep depth of discharge. 
2.2.2 Development of Hydrogen-Absorbing Alloy for 
Negative Electrode 


It is extremely important that the hydrogen-absorbing 
alloy used in EVs have large storage capacity, long life, and 
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Utilization Rate of Nictosl Hydroxide (%) 
Figure 3. Influence of Additives on Utilization of Nickel Hydroxide 
145 
1.40 
Cell 
Voltage 1234 
— 
1.30 
1.2 
Charging Capacity (Ah) 
Figure 4. Influence of Ca Compound in Positive Electrode on Cell Voltage and Temperature Compared With CdO 
During Charge Process 





be inexpensive. With those aims before us, we decided that 
the best alloy to use for the EV negative electrode is the 
AB,-type MmNi, alloy being used in the nickel-metal hydride 
battery used as a power source for portable equipment. In 
Table 1, we show the composition and characteristics of that 
alloy. By replacing part of the nickel with other metals such as 
Mn, Al, and Co, we reduced equilibrium pressure without any 
subsequent drop in amount of hydrogen absorbed, and also 
achieved a higher storage capacity (approx. 300 mAh/g). We 
were able to improve durability to more than 1000 charge- 

cycles by reforming the alloy surface through an 
alkaline treatment and by adjusting the amount of cobalt used 
in the replacement. 





Table 1. Characteristics of Hydrogen-Absorbing Alloy for 

















Negative Electrode 
Composition MmNis-x-y.zMnxAlyCoz 
0.2<x<0.4, 0.1sy=0.3, 
0.5250.75 
Plateau pressure 0.03-0.05 MPa (H/M=0.5, 45°C) 
Hydrogen absorption (PCT 320-340 mAh/g (H2 equilibrium 
curve) pressure = 0.5 MPa) 
Discharge capacity 290-310 mAh/g 
Cycle life 1000 cycles 
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Temperature. 20°C 
Cresyging 1/3C x 110% 
120- Discharging: 1/3C to -0.7V (ve. Hg/rigO) 
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Figure 5. Cycle Life Characteristics of Negative Electrodes ior EVs 





As the plate area of the negative electrode used in an EV 
battery gets larger, there is fear that the alloy will corrode 
due to the lack of uniform current distribution, and that 
cycle life will deteriorate due to flaking of alloy powder from 
the core material. In Figure 5, we compare the results of 
cycle life tests given to an EV negative electrode and a foam 
metal-type negative electrode. By optimization of the binder 
and conductive additive, we were able to develop a negative 
electrode having as good or better cycle life than a foam 
metal-type negative electrode having a 3-dimensional 
conductive skeletal structure. 


2.3 Battery Characteristics 

After constructing a module battery based on the above 
element technologies, we verified the basic characteristics 
of that battery. 

2.3.1 Charge Characteristics 

Since EV batteries are basically charged during evening 
hours, we looked at the electric power suppliable to ordinary 


households, and decided to charge the battery with constant 
current between 10-30A until internal battery pressure 
reached 0.15 MPa. In Figure 6, we show the results of that 
test. Up to point of overcharging, we found that heat was 
being generated from the reaction heat and Joule heat 
produced when the hydrogen-absorbing alloy was producing 
hydrides, but at 30A, it leveled off to a temperature rise of 
about 5°C. When the battery was overcharged, we found 
that heat was generated by the reaction between the oxygen 
gas produced by the positive electrode and the hydrogen 
present at the negative electrode, but that the rise in 
temperature was only about 8°C. The same was also true for 
voltage, internal pressure, and temperature behavior of 
each cell that makes up the module battery. From that, it 
became clear that by adopting the same system of charging 
as smaller batteries used for portable equipment that we 
could do charging without any appreciable rise in individual 
cell temperature or internal pressure. 
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Figure 6. Charge Characteristics of Module Battery at Various Charge Currents 
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12 AUTOMOTIVE TECHNOLOGIES 29 March 1995 
Next, in Figure 7, we show the results obtained inves- 
tigating charge characteristics across a wide range of 
: temperatures from -20°C-45°C. The upgraded module 
: B battery demonstrated stable discharge capacity 

vL. ⸗ — across a wide range of temperatures. The module A 
pi |= @-ModueA | i: battery, whichused a conventional nickel positive elec- 
Ratio (%) H+] Om Module B foccberssresierseeetiecerere trode containing no cadmium, demonstrated poor 
—— 4 charging efficiency at 45°C due to little overvoltage, 
F —— rs and achieved a discharge capacity that was only 50 
—3 —— eC * percent of that obtained at 25°C. The module B bat- 
p; [Comes Mowe Tee. tery, on the other hand, which used a positive electrode 
°° Tr 77 03 with a calcium compound added, achieved a discharge 
— — 5 capacity at 45°C that was 90 percent of that obtained at 
M EE ee ee ee ee 25°C. 

7» 0 0 eB © (22.3.2 Discharge Characteristics 
Ambient Charging Temperature (°C) In Figures 8-10, we show the results obtained inves- 
Figure 7. Influence of Ambient Charging Temperature tigating the discharge characteristics of a module 

on Capacity Ratio in Module Battery battery under various discharge conditions. 
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Figure 8. Discharge Characteristics of Module Battery Under Various Discharge Currents 
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Figure 9. Discharge Characteristics of M Battery Under SFUDS79 Discharge Conditions 
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Figure 10. Influence of Depth of Discharge and End 
Voltage on Specific Power 





In Figure 8, which is based on a continuous 20A discharge, 
the specific energy of this battery was 70 Wh/kg. We can 
see from this that the discharge capacity at a continuous 
100A discharge was more than 95 percent the discharge 
capacity maintained at a continuous 20A discharge. The 
temperature rise within the battery was also about 25°C. 
Acceleration, constant speed driving, and regenerative 
charging patterns in actual driving are intricately com- 
bined together and show a close resemblance to pulse 
discharging. Accordingly, we believe that continuous dis- 
charges at one-hour rates as described above do nothing at 
all. That being the case, we show in Figure 9 the results 
obtained investigating the discharge characteristics of a 
module battery under SFUDS79 discharge conditions, 
which are close to actual driving conditions. We can see 
from the graph that a stable voltage is obtained up to 
80-90% of depth of discharge, and that there is hardly any 
rise in battery temperature. In Figure 10, we show the 
relationship between specific power and depth of discharge 
for a pulse discharge. Just as in the SFUDS79 test, we 
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found that a stable specific power could be obtained until 
an 80 or 90% depth of discharge. Moreover, we found that 


2, 


the large polarization during discharge of the positive 
electrode. From those results, we discovered that it is 
possible to have excellent specific power up to a deep 
depth of discharge. 

2.3.3 Cycle Life Characteristics 


In Figure 11, we show the results obtained investigating 
cycle life characteristics. We feel that it is possible to have 
siable characteristics with no appreciable deterioration of 
discharge capacity or increase in internal up to 
500 cycles or more, and that the battery is capable of 
lasting 1000 cycles. Based on this, we estimate that an 
electric vehicle powered by this battery will be able to 
travel about 100,000 km. 


3. Sealed Lead-Acid Battery for EVs 
3.1 Profile of Sealed Lead-Acid Battery for EVs 


This battery system is the one most commonly used in 
electric vehicles that operate in and around the cities. The 
battery has had problems, however, with poor output 
characteristics and poor cycle life during high-rate dis- 
charge, and being an open-type battery, problems also with 
complicated maintenance and safety. With recent 
advances in technology, however, it is possible to achieve 
nearly the same acceleration with this battery as with 
gasoline-powered vehicles even though it is more difficult 
to make any significant improvements in mileage. If we 
can perfect a sealing technology, it will be possible to 
eliminate some of the maintenance. If an EV can be 
developed that gets 100 km actual mileage with this 
battery, it will be enough for EVs to be gradually phased 
into use. 











Number of Cycles 
Figure 11. Typical Life Cycle Characteristics of Module Battery 
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Below, we list the four main features of this storage battery 

as used in an electric vehicle: 

(1) High specific power (affords better acceleration and 
hill-climbing capability) 


(2) Long cycle life 
(3) Maintenance-free and highly safe 
(4) Environmentally friendly and recyclable 


Public research institutes and battery manufacturers, for 
the above reasons, are moving quickly to do R&D on this 
system. 

3.2 Principle of Sealed Battery 


The sealing method adopted for the lead-acid battery being 
developed for EVs is the “negative-absorption sealing 
method,” which makes the battery easy to maintain and 
highly safe. The separator is made of a fine non-woven 
fiberglass called a retainer mat, and inside the retainer mat 
is the electrolyte solution (diluted sulfuric acid). The 
sealing of the battery happens in the following manner. 
The oxygen gas produced by the positive electrode during 
charging, based on equation (7), reaches the surface of the 
negative pole after having passed through openings in the 
fiberglass of the retainer mat and through to the outside of 
the electrode group, and is absorbed by the negative 
aaa to the reactions described in e~ uations 
(8) 


H.O— 1/20, +2H* Sa, ER (7) 
Pb+ 1/20,. » PbO caveececconennoeceocoosoncoscce? (8) 
PbO + H,SO,— PbSO, 4+ H,O evcccorevceoooooes (9) 


In order to achieve even better sealing, we can replace the 
alloy used for the negative and positive electrode collectors 
(grids) with a Pb-Ca-Sn alloy from the Pb-Sb family alloys 
having low hydrogen-producing overvoltage, which will 
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serve to prevent hydrogen from being produced during 
self-discharge and prevent moisture from being reduced. 
3.3 Element Technologies of Lead-Acid Battery for EVs 
3.3.1 Extending Life of Positive Active Material 

It is well known that in liquid-type lead-acid batteries used 
for cycling tests that the porous structure of the positive 
active material is affected by repeat charging and dis- 
charging. The binding power between the PbO, particles 
weakens and desorption of the PbO, powder takes place, 
and the battery reaches the end of its useful life. We believe 
the very same phenomenon takes place in a sealed lead- 
saGhdien 40 talk akan With that in 
mind, we have begun a study to extend the life of the 
lead-acid battery, focusing our attention on the density of 
the positive active material which we believe greatly 
affects the porous structure of the PbO, and reactivity. 
The positive active material is obtained by the oxidation of 
a paste made from lead powder (main components: PbO 
mixed with 15-35% Pb powder) mixed with diluted sul- 
furic acid of even concentration to form PbO,, but the 
density of the positive active material in this study was 
changed by controlling the conditions under which the 
paste was made. 


We prepared low, medium, and high apparent density 
pastes, and tested these in a regulation module battery. In 
Figure 12, we show the results obtained in testing cycle life 
based on these materials. We found that the lower the 
density, the greater the capacity and the greater the utiliza- 
tion rate of positive active material, but cycle life was 
shorter. The initial capacity of medium- and high-density 
materials was less than that of the low density material, but 
those materials were found to be more effective in extending 
cycle life. Accordingly, the medium- and high-density mate- 
rials with the longer cycle life were found to be more 
effective at extending cycle life than the conventional low 
density material which had the higher utilization rate. 
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Figure 12. Influence of Active Material Density of Positive Electrode on Cycle Life Characteristics 
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Figure 13. Effect of SaSO, Added to Positive Electrode on Discharge Characteristics 





3.3.2 Improvements in High-Rate Discharge of Positive 
Electrode 


In studying various additives, we discovered that adding 
SnSO, was effective in improving the utilization rate of the 
positive electrode during high-rate disc . When we 
compared the capacity of a material with , added 
with a material with no additives during a 2C discharge, 
we found, as is shown in Figure 13, that the material with 
the SnSO, additive had 15 percent more capacity than the 
material with no additive, and that it also had a better 
utilization rate during high-rate discharge. The discharge 
voltage per module was also found be about 0.12V higher 
with the additive. 


Figure 14 shows photographs taken by SEM of the positive 
active material. We can see from the photographs that 
—— SnSO, gives the active material a finer texture. 
These results ee Se eee 
the former of 8.8 m*/g, and a specific surface for the latter of 
4.5 m7/g. it is our belief thet the higher capacity and 





discharge voltage during high-rate discharge is caused by 
larger reaction surface area due to finer particles and by 
lower current density during discharge. This effect, 


ovens, bo taiatelaed Grout tenant — 


We will look at why the addition of SnSO, causes the 
positive active material to become finer. According to the 
pH-potential calculations of Pourbaix, Sn remains almost 
stable as SnO, when the discharge potential is between 1.7 
and 2.0V and when the pH is between | and 6. For that 
reason, it is assumed that the Sn in SnSO, is not dissolved 
by the electrolyte but rather is present in the positive active 


sesses almost the same tetragonal lattice constant as SnO,, 
therefore, we believe that SnO, forms the crystal nucleus of 
the B-PbO, produced during charging. The particles of 
SnO, that do not take part in reactions are assumed to be 
evenly distributed inside the positive active material with 
SnO, added, and the B-PbO, deposited on those particles 
—n ¢ particles finer. 





Figure 14. SEM Photographs of Positive Electrode Active Material 
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In Figure 16, we show the results after measuring the 
positive and negative potential at 150A discharge after 300 
cycles of one cell in the module battery. We can see an 
appreciable drop in the high-rate discharge efficiency due 
to battery capacity being controlled by negative electrode 

. The specific surface area of the negative active 
material is 0.7 m?/g at the initial stage, but decreases to 0.3 
mꝰ/g after 300 charge-discharge cycles. We believe that the 
drop in discharge efficiency is caused by a decrease in the 
amount of reaction surface on the negative active material 
resulting from continuous charging and discharging. That 
being the case, we made improvements to the following 
two areas in order to increase the amount of reaction 
surface on the negative active material, and to decrease 
current density. 


(1) The proportion of additives (lignin, BaSO,, etc.) used 
for the ive electrode was adjusted so as to expand 
the ific surface area of the negative active material 
and increase the amount of reaction surface on the 
negative electrode. 




















Figure 16. Behavior of Positive and Negative Electrode 
Potential at 150A Discharge After 300 Cycles 





(2) Thin electrode plates were incorporated to increase the 
number of plates and expand the surface area of the 


These improvements enabled us to develop a negative 

electrode that lost none of its high-rate discharge 
during numerous charge-discharge cycles. 

3.4 Battery Characteristics 

After constructing a module battery based on the above 

element technologies, we verified its basic characteristics 

as an EV battery. 

3.4.1 SFUDS79 Cycle Life Test 


terns with high-rate discharge and a method that 
enabled changes in the high-rate di characteristic to 
be ascertained based on the cycle 


charge-discharge repeti- 
tions mentioned in the previous section. We found that by 
increasing the density of PbO, in the negative electrode, 
which kept capacity from deteriorating due to 


positive active material, increasing 
electrode, and optimization of the design conditions. 
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Figure 17. Typical Cycle Life Characteristics Under SFUDS79 Discharge Conditions 




















Figure 18. Relat! aship Between Specific Energy and Specific Power (Ragone Pilot) 





hydride battery and sealed lead-acid battery used for EVs. 
Both batteries systems exhibited excellent specific energy, 
—_ power, and cycle life characteristics, and were 
ound to be highly suited to use in electric vehicles. 

Amid the clamor over environmental problems and the 
need for more diversification of energy these 


94FE0941D Tokyo NIHON KOGYO SHIMBUN 
in Japanese 3 Aug 94 p 6 


— Translated Text] The AIST (Agency of Industrial 
i and Technology) National Institute for Resources 


Specific Power (Wik) 
and Environment has developed a ising new i 
system to clean the exhaust gas of lean-burn engines and 


diesel engines. 


One of the main features of the new system is that it can 
remove (reduce) one of the major culprits of environ- 
mental pollution, NO, (nitrous oxides), across a wide 
range of temperatures. In experiments conducted by the 
institute, the system removed approximately 40% of the 
NO, in a temperature range between 220°C-390°C. It has 
also exhibited a longer life span than previous catalysts. 


An official at the institute says that the system is still in the 
basic research stage, but most people at the institute have 
not seen a catalyst that reduces NO, in the way that this 
system does. The spokesperson went on to say that the new 
catalytic system can cover most exhaust temperatures of 
diesel engines. 


engines, use excess oxygen for ion. When there is 
a lot of oxygen, the catalytic converters used by gasoline- 
awe cars to purify exhaust are not able to remove 
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For that reason, several new catalysts are being developed _ placed in the system so that it gets the hotter exhaust gases, 

that are capable of breaking down NO, under these con- and the slatinann extalees is posishoned 0 Hate bit festhes 
ditions. Most catalysts use base metals such as iron and away from the rhodium catalyst so that it can get the cooler 
————— — in a narrow temperature range § exhaust gases. 

By — = pt SS In an experiment conducted by the institute, researchers 
to rae metals whch give 12 longer ie span. The based, mulated, cheat go a diferent tempera 
aluminum-supported platinum catalyst is most effective at catalytic system effectively ed 40 tof the NO, 
removing NO, at temperatures near 250°C, whereas the eS — — — — 
aluminum-supported rhodium catalyst is most effective at 


temperatures near 350°C. 


The new catalytic system is equipped with both catalysts 
inside the same reaction pipe. The rhodium catalyst is 


achievable with simple catalysts. The catalysts, moreover, 
were fed simulated exhaust gases for another five consec- 
utive days with barely any drop in NO, removal efficiency. 
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Japanese Energy Developments 


“Efficient Compound Semiconductor Selar Calls. 
Efficient Solar Cells 
95FE0058A Tokyo OKI DENKI KENKYU KAIHATSU 

in Japanese I Jul 94 pp 43-46 


{FBIS Translated Excerpt] 


Fee 
Wt 
heh 
uh 
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warming caused by carbon dioxide (CO,) gas. 


Solar cells are an extremely simple way to produce elec- 
tricity. Electricity is produced in proportion to the bright- 
ness and strength of sunlight. There is absolutely no 
exhaust or waste materials produced by the conversion of 
energy in this manner. A great amount of light energy from 
the sun hits the earth, and the generation of electricity 
from sunlight is something that can be simply done by 
anybody, anywhere on earth. Solar cells are already being 
used as power sources in remote islands or on mountain 
tops, as well as in places closer to home, such as road 
markers, light posts, and on corner announcement boards. 
It is anticipated that the time is near at hand when we will 
realize the full-scale utilization of solar cells and solar 
power generation systems. 
Since 1990, our company has been participating in the 
of the technology for III-V class compound 
material high-efficiency solar cells, which is part of MITI’s 
Sunshine Plan. If high-efficiency solar cells come into 
being, then it goes without saying that they will be used in 
outer space, but it is also anticipated that they will be used 
as supplementary power sources for things such as portable 
— and pavecnal information Goviets. 
In this article, after we briefly introduce the outline of the 
Sunshine Plan, we will lay out the details of our company’s 
research into increasing the efficiency of solar cells. 


The Sunshine Ptan 


Japan's Sunshine Plan, which is aimed at the development 
of solar power as an alternative to petroleum, began one 
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year after the First Oil Shock (1973), which was called an 
energy crisis. Up until now, research and development to 
increase energy conversion efficiency percentages, reduce 
fabrication costs, and improve cell life span and reliability 
has centered around silicon (Si) crystal type solar cells and 


ye, Sew eee 
be subsidized by the government, will commence, and, 
=e & an SD) ay ew queries ae fe 
400 kW by 1995), which will go forward under 


E 
ẽ 


use of solar power is coming even 


ductor type solar cells was raised as a research theme. The 
energy conversion efficiency goals for the year 2,000 are 30 
percent for Si-type, 20 percent for amorphous-type, and 40 


tion methods, technological breakthroughs are also 
required in order to obtain that goal. 


3. The I of the Efficiency of III-V Type 

Compound Mateial Solar Celle 

In order to use III-V type compound material solar cells, 

which are currently used to generate electricity in outer 
space, for power generation here on earth, a further 

coum 6 tel eemenien efficiency and lowering of 

their cost is required. 


The following are examples of methods which can increase 

the efficiency of compound material solar cells: 

(1) The fabrication of a unified compound cell which is 
composed of high-efficiency materials. 

(2) The use of a light gathering cell. 

(3) The use of a cell which utilizes a wide spectrum of 
sunlight. 


In order to reduce their cost, the objective is to place a 
— mh ly“ alee nar 


technology. Even though it is not impossible to achieve 
high efficiency rates by modifying existing layered cells, 
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multi-layered cells have the problem of light and electricity 
loss between cells and cannot avoid the high costs con- 
nected with their complicated processing. Therefore, cells 
with only 2-3 layers are probably the most appropriate 
ones. In the end, it is thought that the development of a 
new high-efficiency cell formation is required which pro- 
vide a simple cell which can, at the very least, increase the 
a above what was considered reasonable for 
ier cells. 


4. The Propesed Vertical Super-Lattice Cell 


Figure 2 shows an image of the high-efficiency solar cell 
proposed by our company when this project was intro- 
duced. The cell is formed using a super-lattice layer as the 
light gathering stratum. The merits derived from using a 
super-lattice are: 


(1) _— amount of freedom in the band formation 


(2) the efficiency percentage can be increased as the car- 
rier recombination is decreased, and 


(3) the addition of a thin membrane is possible through 
increasing the absorption coefficient. 

ang Ady ee formulation, how- 

the control of the electric current, we will 
show that it is pessitte to ebtain high efficiency percentages 
when other types of cells are used, such as cells with a 
super-lattice formation obtained through grown crystals, or 
those which use a light gathering stratum but which have the 


same capacity. > 2 Oe D> Sean SS 
dringing into actual use of high-efficiency solar 
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4.1 The Conversion Efficiency Percentage Calculation 
for the Vertical Saper-Lattice Cell 

In the cell configuration shown in Figure 2, which uses a 
vertical super-lattice formation as the light 

stratum, the carrier produced by the light does not just 
collect on the top and bottom, as it did in earlier cells, but 
it also collects on both sides, and a greater electric current 
is therefore obtained. In order to calculate the conversion 
efficiency percentage of the vertical super-lattice cell, we 
performed a simulation as shown in the model given in 
Figure 3 (Vertical Multi-Junction Cell). A majority of the 
ee een ae 
rent (/,,.9) is caused by electrostatic within each 
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calculation p’-GsAs(1.2 10cm); 100nm 
Front Surtace Anti-Reflection Membrane 
Blectrades (SIO, /SIN) 
(TWPVAu) 


p’ - Al esGacsAs ; 30nm 
p- GeAs( 4x 10"cm *); 500nm 


UU UU UU 


Ipnt Gea n-GeAs(210"em *): 30m 
a-GeAa(1.5<10"%em *); lem 
n-GaAs Substrate 


Back Surface Electrode (AuGe/Ni/Au) 
Figure 5 


























the cell’s special characteristics were carried out using a 
solar simulator, (AM) 1.5, and no light collection 


Figures 6 and 7 show the characteristics of the comb-type 
cell. The conversion efficiency percentage of this type of 
cell was 10 percent. This is about one-ha'f of the per- 
centage of normal cells made at the same time. Comparing 
the characteristics of these two cells, we find that the short 
circuit flow (/,.) was reduced by about 10 percent while the 
free voltage (V,.) was greatly reduced, to 0.2 V. Also, the 
curve factor (FF) results were bad as well, at 0.65. It is 
thought the main causes of these poor results were leaking 
current at the pn junction and increased resistance in 
circuit components such as the electrodes. High efficiency 
rates were not obtained during this experiment, however, 
because, as a percentage of the reduction of V,,., the drop in 
1, was low, it is thought that the collection efficiency itself 
was, in fact, increased. It is thought that by re-evaluating 
the substrate post processing rematuration interface and 
the formation of the comb layer, the pn junction charac- 
teristics can be improved and that it will be possible to 
increase the efficiency of these cells. 
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25 - Normal Cell We plan to study the size of the minute crystals as well as 

a doping control to fabricate a base crystal formation, or a 

0) minute crystal layered formation, which can produce the 

N same age as those realized by wwe super-lattice forma- 

. 4 tion. In this way we plan to work for the application of 

Electrical 15+ Comb-Type Cel \ ee 
Current \ 

— 10} \ 4.4 The Possibility of Improving Efficiency Percentages 











4.3 Droplet Epitaxi 


In the test production of the vertical super-lattice cell as 
shown in Figure 2, it is necessary to create the super-lattice 
structures in a single crystal growing process. In order to 
realize minute structures, such as those in the vertical 
super-lati.ce, we studied droplet epitaxi through MOCVD. 


Tri-metal gallium (TMG) is passed over the GaAs sub- 
strate and, after liquid droplets of Ga form, AsH, is 
introduced and the Ga droplets are exchanged for GaAs, 
and the minute crystals are grown. The SEM photographs 
of the minute crystals of GaAs are shown in photograph 1. 
From the photograph, it can be confirmed that the minute 
crystals are in angular alignment and clear facets can be 
seen. The minute crystals grew in the direction [111] B, 
and they grew on an angle to the substrate. The size and 
density of the minute crystals change with the conditions 
present when they are grown. The formation temperature 
is low and the higher the rate of TMG introduction the 
higher the density of crystal formation. Furthermore, cor- 
responding to the volume of TMG introduced, the height 
of the crystals increase as well. 





Through the Use of the Multi-Photon Process 


Normal bulk cells can only convert the light energy above 
the prohibited band (shorter wavelengths) and do not 
convert light energy below that (longer wavelengths). A few 
years ago, it was announced that the conversion efficiency 
percentages of Si cells could be dramatically increased 
through the insertion of a Local Defect Layer (LDL) near 
the pn interface area of the cell. This allowed the cell to 
utilize more longer wavelength light. Through the insertion 
of the LDL band, various photons below the prohibited 
band are absorbed, exciting the carrier (becoming a multi- 
photon process). Normally, this type of band insertion 
becomes the center of recombination and it is thought that 
the electron apertures get recombined as well. However, if 
an action is taken before recombination that separates the 
electron apertures, then it becomes possible for the longer 
wavelength photons to be converted into electric current. 


Figure 8 shows the concept for a multi-photon cell which 
has minute crystals imbedded deeply in the i layer of a 
pin-construction cell. The bulk crystal is layered with 
minute crystals which are composed of a different semi- 
conductor and have a relatively large band gap. Inter-band 
insertion is introduced into the minute crystals. It is hoped 
that the longer wavelength photons will be absorbed by the 
minute crystals and that the carrier produced there will be 
dropped to the bulk crystal where it will become part of the 
current. In the future, we plan to study variables, such as 
minute crystal size and depth of insertion, and to quickly 
verify the possibility of increasing the efficiency 
percentage of multi-photon cells. 





(b) 


Photo 1 
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5. Conclusion 


The above is a summary of our company’s research activ- 
ities into solar cells. The New Sunshine Plan, which was 
was introduced in 1990, has completed its first period of 
basic research and has entered into the second phase. 


In the future, along with working for the improvement of 
the cell process and evaluation technology, we will study 
the application of droplet cells, and work to verify the 
possibility of obtaining higher energy conversion percent- 
ages. In order to accomplish the final objective, the further 
layering of the cells is required. The issues of what mixture 
to achieve between the upper layer and the lower layer 
(which are divided by wavelength), as well as how these 
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layers are to be combined, are sure to become new topics of 
discussion. We plan to solve these issues, and meet the 
target efficiency percentages by the year 2,000. 


{[COMMENT: The remainder of the text was omitted.] 


Mitsubishi Petrochemical , Seibu Gas To 
Build Pilot Gas For Refined Natural Gas 
Production 


95FE0057B Tokyo NIKKAN KOGYO SHIMBUN 
in Japanese 21 Oct 94 p 13 


[FBIS Translated Text] The Mitsubishi Petrochemical Com- 
pany and Seibu Gas have jointly entered into the construc- 
tion of a small scale natural gas reforming pilot plant which 
can use as feedstock a mixture of fuels, including methanol, 
LPG, or methanol/LPG. They plan to complete construc- 
tion in March of 1995 and then to experiment regarding the 
bringing of this technology into actual use. They also plan to 
work to develop the technology to make this type of plant 
commercially viable. Through the development of this 
facility, they have decided to develop the petrochemical 
engineering of long-life reforming catalysts—which break- 
down substances such as LPG—a very important tech- 
nology, jointly develop the process technology with Seibu 
Gas, and bring this technology into actual use. They plan to 
supply these plants, as clean and safe metropolitan gas 
facilities, to mid- and small-sized cities. The facility will 
completely eliminate carbon monoxide and carbon dioxide 
emissions, and increase the number of calories present in 
the product to 11,000 kilo-calories, the same level as is 
found in natural gas. 


The pilot plant is being built at Seibu Gas’ Kita Kyushu 
facility and, with the investment of a few hundred million 
yen, they will increase the capacity of their bench scale. 
They are planning to be able to reform both methanol and 
LPG and sustain continuous reforming operation for in 
excess of 1,000 hours. They also plan to realize 8-!2 hours 
of continuous operation in a single day. They plan to test 
the efficiency of the concept with the pilot plant’s opera- 
tion in 1995, and then make a decision on the viability of 
the scheme. Bringing this technology into actual use would 
entail the setting up of a system which could produce 
between 5,000 and 50,000 cubic meters of gas per day, 
which could be used to provide an economical and easy 
city gas supply source for gas companies in mid- and 
small-sized cities which are separated from gas pipelines or 
LNG facilities. 
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EA To Research on Monitoring Techniques dispose of, by dissolving it in an organic substance taken 
for Waste from the skins of mandarin oranges. The companies say 
94FE0936A Tokyo NIKKAN KOGYO SHIMBUN that with this new technique the styrofoam is reduced to 
in Japanese 5 Sep 94 p 4 1/25 its original volume, and large storage spaces will no 

longer be necessary because the styrofoam can be recy- 
(FBIS Translated Text] The Environmental Agency will begin cled into high-quality styrene products. The companies 
research on the monitoring of hazardous waste. So far, the expect this technique will find practical application with 


treatment and disposal of waste has not resulted in large scale 
ion by hazardous substances in Japan. It has been 
for some time that hazardous substances pose risks 
from their manufacture to their final treatment and disposal 
and that accurate monitoring of these risks is indispensable 
for the proper management of hazardous waste, but no 
system for conducting this monitoring has been established. 
Therefore, the establishment of a risk management system for 
environmental pollution has become a major theme for future 
environmental policy, and the Environmental Agency will 
begin full scale research with the goal of developing a system 
for monitoring the risks associated with the treatment and 
disposal of hazardous waste. 


More specifically, the Environmental Agency will proceed 
with studies based on the results from basic research 
out conducted by the National Institute for Environ- 
mental Studies, including: 

(1) identification of hazardous waste risks, 


(2) clarification of the behavior of hazardous substances 
that undergo incineration, 


(3) clarification of pollution by hazardous substances that 
are disposed of in landfills. 


The National Institute for Environmental Studies has 
already studied the potential for pollution during interme- 
diate processing and final disposal in landfills through the 
various experiments, surveys, and analyses performed in 
the course of basic research. 


The results indicate that although it is clear leachates contain a 
myriad of chemical substances, only a few have been identified. 
Based on the fact that chemicals have been detected in leachates 
from stable disposal sites that are not equipped with water 
barriers, there is a pressing need for complete monitoring of 
environmental pollution from landfills. 


The Environmental Agency has announced, “Initially, we will 
identify all the chemicals contained in leachates from land- 
fills and perform proper risk evaluation and management.” 


Moreover, in order to re-evaluate the current regulatory 
system for final waste disposal sites, in 1995 the agency will 
begin an investigation on the properties of discarded waste 
and fact-finding studies on their effects on underground 
water, public water areas and the soil. The agency plans to 
link these studies together into a comprehensive policy for 
the protection of the soil and subsoil environment. 


Ube Industries, Sony Corp. Develop Recycling 
Technology for Styrene Foam 
94FE0936B Tokyo NIHON KEIZAI SHIMBUN 

in Japanese 17 Sep 94 p 10 

[FBIS Tranislated Text] Ube Industries and the Sony 
Corporation have deve a technique for recycling 
and reusing styrofoam, which is bulky and difficult to 


fish markets, which use large amounts of styrofoam, and 
local governments. 


It was discovered at Sony’s Central Research Institute that 
an organic substance called limonene that is extracted 
from the skins of mandarin oranges dissolves styrofoam. 
Using Sony's findings, Ube Industries then developed 
related techniques such as the separation of the two 
substances from a liquid limonene-styrene mixture. 


The system developed by the two companies involves 
placing styrofoam into a tank containing a limonene 
solution at the waste disposal site and dissolving it. An 18 
liter can of limonene can dissolve an amount of styrofoam 
equivalent to the packaging for forty 21-inch TVs. 


The styrofoam molecules (polystyrene) in the limonene 
solution are dispersed in the form of fibers, and they can be 
isolated with a high degree of purity using a technique 
called bulk polymerization. They can then be reused as a 
styrofoam raw material. Tests have confirmed that the 
recycled products are at least 90% as strong as products 
made from conventional styrofoam raw material. 


The companies expect the cost of the recovered polysty- 
rene to be about ¥ 180/kg. This is more expensive than the 
¥ 120/kg price of virgin raw material, but lower than the 
¥ 180/kg [sic] price of recycled styrofoam recovered by 
previous methods. 


Taiyo Chuki Co. Develops Waste Separation 
Treatment System 


94FE0936C Tokyo NIKKAN KOGYO SHIMBUN 
in Japanese 19 Sep 94 p 4 


{[FBIS Translated Text] The Taiyo Chuki Company has 
announced that it will make a full-scale entry into the field 
of environmental equipment. The company has developed 
a waste separation treatment system and delivered the first 
one to an industrial waste intermediate treatment com- 
pany in Yokohama. The system utilizes vibration tech- 
nology developed for metal casting equipment, which is 
Taiyo Chuki’s main product. The company plans to pro- 
ceed with development of fly ash and sludge treatment 
equipment, and hopes to expand business in this field until 
it reaches 25% of gross sales. 


The newly developed waste separation system uses vibra- 
tion and air flow to separate crushed, fully mixed waste 
into six groups. The equipment comes in five models with 
treatment capabilities of 65-190 m?/hour. The system 
attains a separation efficiency of 92% with heavy trash 
larger than 25.5mm and 75-90% with smaller, lightweight 
trash. The machine does the work of eight or more 
employees using previous methods. The cost of the 65 
m7/hour model is ¥ 46 million. 


Mixed waste containing wood, paper, plastic, metal, glass 
and so on first enters a separator called a de-stoner. A 
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comb-shaped screen that will not become clogged removes 
fine waste such as sand. The remainder is dumped onto a 
air-fluidized bed and blown along by a two stage air flow 
selector that separates it into three groups based on weight 
difference. Vinyl plastic and newspaper are recovered 
from the lightweight trash that passes through this 
machine with a cyclone separator, and the remainder is 
recovered by a dust collector. This uses counterbal- 
ances to cut vibration by 95%. Its other main features are: 


(1) maintenance is easy, 
(2) it is compact with the 65 m?/hour model taking up 
only 16 m?, and 


(3) it is quiet with an operating noise level of only 65 
decibels. 


Taiyo Chuki is a major manufacturer of dedicated metal 
casting equipment. To expand its business, the company is 
also trying its hand at shot-blasting and powdered material 
plants. It has annual sales of about ¥ 5 billion. With its 
entry into the environmental equipment market, Taiyo 
Chuki will beef up its sales staff for equipment unrelated to 
metal casting. The company will also become involved in 
unit sales of the de-stoner and screen components. The 
company is expecting sales in its Environmental Equip- 
ment Division to reach ¥ | billion the first year. 


Tokyo Gas Co. Develops Low NO,-Emission 
Combustor for Co-Generation 

94FE0936D Tokyo NIKKEI SANGYO SHIMBUN 
in Japanese 5 Sep 94 p 1 


[FBIS Translated Text] Tokyo Gas has developed a low 
NO,-emission combustor for 1000-4000 kW class compact 


catalytic post-treatments to eliminate NO,, and it is inex- 

pensive to manufacture. Tokyo Gas = that this will 
fower the 200-300 million yen pricetag 1000 kW class 
co-generation system about 10 percent. Tokyo Gas will 
ee oe oie Ok on that it not only 
responds to increasingly strict NO, regulations, but also 
lowers the cost of installing a co-generation system that 
burns natural gas. 


The newly developed “Double Swirler Combustor” uses 
lean fuel combustion. Conventional lean fuel combustion 
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structures, low-emission NO, cormbustors increase manu- 

ing costs several times. Because the combustor from 
Tokyo uses two pairs of nozzles, only one combustor 
is needed and this holds down cost increases due to the 
combustor utilization several tens of percent. Because 
past-dpaninnent equipment is not needed, the cost of 
installing this complete combustor system is lower than 
that of previous types. 


At present, the company is in the final stages of performance 
testing on a prototype model for use with 1000 kW class 
turbines. Tokyo gas says this prototype holds NO, emissions 
down to 40-60 ppm (converted to 0% oxygen). This is much 
lower than the 84 ppm permitted in Chiba Prefecture, which 
has the strictest regulations in the Greater Tokyo area, and 
it should provide sufficient leeway even if regulations are 
tightened further in the future. 


Next on the agenda is a power generation test with a real 
turbine to study the combustor’s ability to respond to 
yn pp in output. When this combustor reaches prac- 
tical application, it will be included in all co-generation 
systems installed by Tokyo Gas. Co-generation with gas 
turbines will mainly be used at decentralized power sources, 
and it is expected to increase energy utilization efficiency 
and mitigate power demand peaks. However, because 
installation will mainly occur in metropolitan areas, NO, 
emissions have become a major problem to be solved. 





WOAMRLES OAT 

















Key: 1. Tokyo Gas Double Swirler Combustor; 
2. Secondary fuel gas; 3. Primary fuel gas; 4. Ignition gas; 
5. Combustion air, 6. Primary flame; 7. Secondary flame 





EA To Begin Research on Freon Used for Heat 
Insulating Materials 


94FE0936E Tokyo NIKKAN KOGYO SHIMBUN 
in Japanese 12 Sep 94 p 4 


ee Translated Text] The Environmental will 
research in 1995 on the recovery of designated 

used in heat insulating materials. Although freons have 
been used as a foaming agent for heat insulating materials 
in refrigerators and construction materials, recovery has 
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not even begun because the technological and economic 
difficulties are much greater than for the recovery of freon 
refrigerants. Therefore, the Environmental Agency will 
investigate the technological and economic possibilities of 
recovering the freon used in heat insulating materials. The 
agency will work to create a policy over the next three years 
for proceeding with the recovery, reuse, and destruction of 
freon by establishing a study council, conducting 
fact-finding studies, and performing recovery tests. 


The amount of freon in heat insulating materials used in 
refrigerators and construction materials is estimated to be 
four times greater than that used in refrigerants. Germany 
and some other European countries have already begun 
freon recovery from heat insulating materials. In Japan, on 
the other hand, recovery of freon used in refrigerants is 
proceeding gradually, but there is almost no information at 
all on the actual use of designated freons in heat insulating 
materials, their waste disposal routes and the amounts 
discarded as waste. Moreover, a reliable method for 
recovering the freon has not been established. 


Therefore, the Environmental Agency will first set up a 
study council of experts to review existing information and 
look into recovery tests (establish their conditions). The 
council will study the current status and remaining prob- 
lems of recovery technology, and also investigate the types 
of heat insulating materials, their use and emission facts, 
and the extent they are used in various foreign countries. 
The agency will conduct freon recovery tests on actual 
facilities to compile data on recovery efficiency, the time 
required for the operation, costs and so on. More specifi- 
cally, the agency will investigate and evaluate the techno- 
logical and economic factors that have prevented recovery 
of freon from heat insulation materials. 


The Environmental Agency continues to implement 
projects to support freon recovery, and this study on freon 
recovery from heat insulating materials will be part of this 


overall program. 
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Development Status of MHI’s Clean Coal 
Technology 


94FE0936F Tokyo MITSUBISHI JUKO GIHO 
in Japanese July 94 pp 228-231 


[FBIS Translated Text] 


[Asctreet) Thess avo conseas Ges oll end gu cesnuness sity 
scarce in the near future. Therefore, the development 
of technology for the effective utilization of coal, an abundant 
resource with a stable supply, is needed. Mitsubishi Heavy 
Industries has been aware of the importance of coal as an 
energy resource for a long time, and we have been involved in 
the development eC pp ceasany pawer — ——— 
that utilize various new technologies, especially PFBC, 
IGCC, and SOFC. This report introduces the current status of 
coal-related energy technologies currently under development 
—— 


1, Introduction 


Japan is a country poor in natural resources, and imports 
account for more than 80% of our primary energy supplies. 
Moreover, we rely heavily on fossil fuels such as petroleum, 
natural gas, and coal. 


Figure | shows changes in the composition of Japan’s 
primary energy supply. In the 1950s petroleum rapidly 
began to replace coal, and when we entered the 1960s, we 
seen © ce eae nn on Sp Cate pou. After the 
first and second Oil Shocks the supply of petroleum- 
alternative energy sources increased, and this trend is 
expected to continue into the future. 


The prices of petroleum, natural gas and coal are relatively 
stable at present, but they are expected to fluctuate over 
the long term, and there is particular concern that supplies 
of petroleum and natural gas may become scarce. More- 
over, in recent years energy supply has been associated 
with environmental problems on a global scale, and careful 
consideration must be given to the amount of carbon 
dioxide (CO,) generated by fossil fuels. 


Table | shows the current status and characteristics of 
various energy resources. Each energy resource has advan- 
tages and disadvan . Among these, however, coal 
offers the longest number of years of potential use and a 
very stable supply, so future energy development depends 
on how cleanly and skillfully we are able to utilize coal. 





Table 1 Current Status and Characteristics of Energy Resources 























Vears of Current States Supply Stability Cost Effectiveness 
Posstdbe | ce 
Petroleum 43 Concentrated in Middle East Unstable Cost will increase 
(64%) 
Coal 162 Widely distributed in industrially | stable Least expensive fossil fuel 
advanced nations 
Natural Gas 56 Concentrated in USSR [sic] and Diversification difficult to attain Cost will increase 
Middle East (70%) 
Atomic Energy 63 Widely distributed throughout the | Stable Cost effective 
world (uranium) 
Solar, Wind — Unconcentrated Difficult to attain High electric power generation 
Power costs 
Hydraulic, — Limit to annual usage Difficult to attain Low operating costs 
Geothermal 
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Fig. 1. Changes in Composition of Primary Exergy 


currently accounts fer about 50%, but this 
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percentage is expected to decrease in the future 
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Key: 1. Composition of Primary Exe Supls (2 Year; 3. Hydraulic, geothermal; 4. New energy sources, etc.; 


5. Atomic power; 6. Natural gas; 7. Petroleum; 8 





Unfortunately, the chemical composition of coal is very 
complex, and the properties of coal vary widely depending 
on the type. Moreover, the processes and equipment 
required for coal utilization cover a very wide range that 
includes mining, transport, storage, combustion/ 
gasification/liquification, exhaust smoke processing, ash 
processing and so on, and technological development is 
needed in each of these areas. This article presents an 
overview of the current status of tech ical develop- 
ment as it relates to electric power generation from coal 
with particular emphasis on clean coal technology. 


2. Advanced Technology for Existing Coal-Fired 
Generation 


2.1 Pulverized Coal-Fired Boilers 


The mainstream in current coal-fired electric power gen- 
eration is the pulverized coal-fired boiler, but the design 
and operation of these boilers must give full consideration 
to nitrogen oxides (NO,), sulfur oxides (SO,) and coal ash. 
With respect to NO,, Mitsubishi development of 
low NO, emission burners about 1970, and with the R&D 
results compiled from various types of combustion testing 
equipment we succeeded in developing an ultra-low NO, 
emission burner for various types of foreign and domestic 
coal ranging from lignite to anthracite. These boilers have 
since been utilized for many years in Japan and abroad, 


and all of them are operating smoothly today. Further- 
more, we deve the MACT denitration that 
utilizes the reducing action of fuel within the , and 


this is used in conjunction with the ultra-low NO, emission 
burners. 


In cases where environmental conditions at plant sites are 


very restrictive and low NO, emissions are required, it is 
necessary to install smoke denitration equipment. Many of 


i performance in Japan 
installation of the first unit for a dedicated coal-fired plant 
in July 1979. 


Electric scrubbers (EP) are the most reliable way to coun- 
are used in almost all coal-fired power plants. 


We are constantly working to improve the steady perfor- 
mance and reliability of our low NO, emission, denitra- 
tion/desulfurization, and scrubber technologies to meet 
the needs of our customers. 


2.2 Related Technologies 


As noted above, the mainstream in coal-fired plants is the 
coal-fired boiler, and fluidized-bed combustion 
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performed inside the furnace by introducing coal waste at 
about 850°C. Dedicated combustion of waste materials or 
mixed combustion of coal and various types of waste 
materials are possible. We are proceeding with R&D on 
technology related to this process. 


We have also been working on development of combustion 
technology and technology for the manufacture of COM 
and CWM, fine pulverization mills and coal slurry fuels for 
use in coal-fired boilers, and we are already on the road to 
practical application. 


The fly ash recovered from coal-fired power plants is 
currently used as a raw material for cement and as a 
concrete additive, but roughly half is disposed of by burial. 
At Mitsubishi we have developed a process for obtaining 
silica film from fly ash by an ultra-high temperature 
process, and we have already completed verification tests 
that produce 100 kg/hr. 


As part of our new technology program we have also begun 
basic research on technology that utilizes microorganisms 
to remove sulphur from raw coal. 


We will continue our research on the reactions involved in 
each of these processes—combustion, denitration, desulfu- 
rization, and dust removal—as well as on fluid heat 
conduction, chemistry, and materials and material 
strength. We are also integrating the results of research in 
these various fields to make coal-fired power production 
more sophisticated. 


— of High-Efficiency Coal-Fired Power 
3.1 Various High-Efficiency Power Generating Systems 


In conventional power generation plants that utilize fossil 


fuels, CO, emissions, which are considered a cause of 


global warming, must also be considered along with SO, 
and NO, emissions. Especially in the case of coal, the 


JPRS-JST-95-017 
29 March 1995 


quantity <f°CO, salsaned ger quantity of tans quoernted 
much greater than with petroleum or natural gas, so 
naturally the demands for greater efficiency in coal-fired 
power plants are that much stronger. 


te a ee mee Ee pe nd 
aoe ea ge an oe eae —* 
power generating formats. By increasing 
—DD— 
achieve reductions in CO, emissions and fossil fuel con- 
sumption. Among these, the ultra-supercritical pressure 
plants are able to increase power generation efficiency by 
using steam at the high temperature 593°C and high 
pressure of 316 kgf/cm*. The practical application of this 
technology is steadily advancing. Below I will present an 
overview of various systems such as pressurized fluidized 
bed boiler cogeneration, coal gasification cogeneration, 
and solid electrolyte fuel cell coal generation that are 
currently under development or approaching practical 
application. 


3.2 Cogeneration with Pressurized Fluidized Bed Boilers 
(PFBC) 


In PFBC power generation a previous kind of fluidized bed 
boiler is operated under pressurv:, and this enables cogen- 
eration with a gas turbine. It is a power generation system 
characterized by the fact that a wide variety of coal can be 
used as fuel and exhaust smoke desulfurization equipment 
is not needed because desulfurization occurs inside the 
furnace. This system is receiving attention worldwide as a 
next-generation high-efficiency coal-fired process that can 
essentially be realized by combining existing technology. 
At Mitsubishi we have been performing various kinds of 
evaluative tests since 1990 at the pilot plant shown in 
Figure 3 which has a thermal output of 2 MW. These tests 
have mainly involved coal combustion and desulfurization 
performance under pressure, and we have confirmed that 
this process offers excellent operational control and com- 
patibility with the environment. 
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Fig. 2 Comparison of CO, Emissions Per Unit Power Generation of Coal-Fired Power Ptants (Estimated Values)— 
CO, emissions can be redwoed by improvement of sieam conditions and cogeseration 
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Key: 1. Power Generation Format (S/T: Steam Turbine; G/T: Gas Turbine); 2. Power Generation Efficiency; 3. 
Conventional coal-fired; 4. Coal-fired ultra-supercritical pressure; 5. Pressurized fluidized bed boiler (PFBC) 
cogeneration (coal-fired); 6. Coal gasification cogeneration (IGCC); 7. Solid electrolyte fuel cell (SOFC) cogeneration 
(coal gasification); 8. Ratio of CO, Generation; 9. Power generation fraction efficiency, 10. Transmission fraction 
efficiency, 11. Ratio of CO, generation per unit power generation (transmission fraction efficiency) (Based on 
conventional standards for coal-firing); 12. 850°C class; 13. 1350°C class; 14. 1500° class 
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At present we are building an 85 MW commercial plant for 
the Hokkaido Electric Power Company, and operation is 
expected to begin in 1996. 

3.3 Cogeneration with Coal Gasification (IGCC) 


IGCC is a high-efficiency power generation system with 
excellent environmental compatibility consisting of a coal 


Clean-up equipment for desulfuriza- 
tion, dust removal, etc., —— hapa wr peat et 
as fuel. Operational research using a pilot plant such as the 
one diagrammed in Figure 4 that can process 200 tons/day 
of coal is currently underway as a government 
Mitsubishi is responsible for the gasifica ton furnace 
which is the nucleus of this plant, ‘his goal pasifica 
furnace has a two-stage pressurized jet dined bed, ond 
sasedhintan danite dibemaied enaininn 
of coal gasification cogeneration. 


3.4 Cogeneration with Solid Electrolyte Fuel Cells (SOFC) 


Fuel cells feature technology in which the chemical energy 
of the fuel is directly converted to electrical energy, and 
one of the characteristics of solid electrolyte fuel cells 
(SOFC) is their high-efficiency of power generation. Figure 
5 shows the structure of a cogeneration system and the 
shape of a cylindrical SOFC cell, which is one type 
presently under development. When coal is used as a fuel, 
it is possible to obtain high-efficiency power generation by 
combining a coal gasification furnace with a gas turbine 
and a steam turbine. This system employs the high- 
efficiency power generation format that shows the most 
promise for the future, and at Mitsubishi we are working to 
improve fuel cell performance, attain greater durability, 
Fig. 3. 2MW Pressurized Fluidized Bed Boiler Pilot and enhance module technology. We have already com- 
Ptant—We have gained an understanding of PFBC pleted operation of a | kW module, and are presently 

operation properties at this pilot test plant sree © = design and manufacture of a module for 
the next level. 











Fig. 4 Structure of Jet Fluidized Bed Coal Gasification Pilot Piant—Operation research currently underway at 200 
ton/day pilot plant as national project 
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Key: 1. Coal pre-processing equipment; 2. Unloading crane; 3. Coal ship; 4. Storage; 5. Conveyor; 6. Coal bunker, 
7. Pulverizer, 8. Air; 9. Water granulation slag; 10. Slag hopper; 11. Gasification furnace; 12. Char recovery 
equipment; 13. Recycled char; 14. Recovered sulfur, 15. Clean-up equipment (desulfurization, dust removal), 16. 
Removed dust; 17. Purified gas; 18. Air, 19. Gas turbine; 20. Power generation; 21. Transformer; 22. Transmission 
line; 23. Smokestack 
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Fig. 5. Solid Electrolyte Fuel Cell Cogeneration System and Cylindrical Cell—Under development as the coal-fired 
power generation system with the highest efficiency 


* SOFC : Solid Oxide Fuel Cell 























Key: 1. Fuel; 2. Coal; 3. Gasification; 4. Gas turbine; 5. Steam turbine; 6. Air; 7. Waste heat boiler; 8. Air electrode; 
9. Interconnector, 10. Protective film; 11. Electrolyte; 12. Fuel electrode 





4. Development of CO, Technology for Coal-Fired 
Plants 
4.1 Necessity 


or petroleum. Therefore, in addition to 
improving iency, in the future we must include the 


4.2 CO, Recovery Technology 


At Mitsubishi research is underway on physical adsorption 
methods, chemical absorption methods and film absorp- 
tion as ways to separate and recover CO, from fossil fuel 
combustion exhaust gases. With respect to physical 
adsorption methods that employ solid adsorbents such as 
zeolite, we are currently conducting pilot operation testing 
with exhaust gases from conventional power plants on a 
pressure swing adsorption process, in which adsorbed CO, 
is recovered by changing the pressure, and a pressure- 
temperature swing adsorption process, in which both pres- 
sure and temperature are changed to recover the CO,. Both 
methods are based on techniques already employed in 
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Fig. 6. Recovered CO, Deep Sea Storage System and High Pressure Test—Use of the is considered 
~siebirddie thbtapoadiin dda, lintthdinaieaeatnee » 
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Key: 1. Image of CO, Deep Sea Storage System; 2. Conventional power piant; 3. Loading; 4. Transport; 5. Liquid CO, 
transport ship; 6. Marine base; 7. Pipe 3000 meters; 8. Pumping into the abyss; 9. Nozzle; 10. Seawater, 11. Seawater 
pressure gauge kgf/cm? 
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4.3 CO, Disposal and Utilization Technology 


The next problem to considez is how to dispose of or make 
effective use of the vast amounts of CO, we recover. As 
shown in Figure 6 for example, one method under consid- 
eration transports the liquified CO, by ship and sequesters 
it 3000 meters below a marine base located on the surface 
of the ocean. The liquid CO, is under higher pressure than 
seawater, and at depths greater than 3000 meters (pres- 
sures of 30 MPa or more), the CO, will be heavier than the 
seawater and settle to the ocean floor. With this method 
there are many issues to address such as evaluating the 
impact on the marine ecosystem that the diffusion of CO, 
will bring about. However, many people believe this is one 
method worthy of consideration for dealing with huge 
quantities of CO,,, and as shown at the bottom of Figure 6, 
we are conducting basic experiments on the behavior of 
CO, in seawater at high pressures. 


On the other hand, we are currently investigating a method 
— ae tans s ene 

methanol by using the heat of a high-temperature gas 
furnace, and the methanol can then be used, mainly as a 
fuel for automobiles. Figure 7 shows the structure of such 
a system and an artist’s conception of such a facility. Right 
now the methanol produced by this method will be more 


expensive than methanol produced from natural gas, but 
the cost is expected to be competitive by 2010. 
The major developmental component of this system is the 


ee 0 a aa 
that makes effective use of the high-temperature heat 


technology for both processes can be used interchangeably. 


At this point we are conducting basic research and feasi- 
bility studies on the concerning the disposal or 
effective utilization of CO,. If we are to use coal as a fuel 


5. Conclusion 


From ancient times human society grew and developed by 
using energy. Each time the main source of energy 
changed—from wood and water wheels to coal, oil, and 
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solely on limitations in our resources; our actions are 
directly linked to environmental problems on a global 
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Fig. 7 Reuse of Recovered CO, as Fuel 
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Key: 1. High-temperature gas furnace; 2. Coal-fired plant; 3. Heat; 4. Electricity, 5. Steam electrolysis; 6. CO, 
ion and recovery, 7. Methanol synthesis, 8. Methanol-powered cars; 9. Methanol transport ship; 10. Methanol 
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equipment, 15. ‘Hydrogen manufacturing building, 16. Exhaust tower, 17. Turbine building: 18. Maintenance 
building; 19. Nuclear reactor bailding; 20. Spent fuel storage building; 21. Nearby factories; 22. Highway 





scale. Particularly important for the future is how skillfully | through a long pipe, and in this report we describe the 
we utilize coal, which offers abundant buried reserves with vertical distribution of CO, temperature, pressure, and 
many years of mining potential and a highly stable supply. | density within a pipe under normal conditions. We also 


In this article I have presented part of the coal-related it examples of our investigations concerning the 
technology that Mitsubishi is involved in. We shall con behavior of CO, afler it reaches the abys, incioding 


CONSCRERER. (3) a simulation of CO, diffusion using an ocean carbon 
MHI’s Feasibility Steady Sequestration ia 

Deep Sea — (4) an estimation of pH changes due to the increase in CO, 
94FE0936G Tokyo MITSUBISHI JUKO GIHO CORCERIERNER. 

Ra Ay — 1. fotreduction 

{FBIS Translated Text] Increasing concentrations of greenhouses gases, especially 
[Abstract] We have conducted a feasibility study on carbon dioxide (CO,), in the atmosphere have attracted 


tion exhaust gases in the deep sea to isolate it the about worldwide climatic changes. Today we are still 
atmosohere as a means of the increase in CO, wees 0 ee ene 
concentration in the ¢ believe the main = ¢ 
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underway. 

So-called recovery and isolation plans, that is, plans for 
the of CO, at facilities that generate concentrated 
amounts of CO large quantities such as conventional 


the technology, and 
e If it is determined that CO, emissions must be cut 
back, a speedy response will be possible. 


standpoint of i 

have a huge absorptive capacity overall. However, we must 
carefully consider the length of time the CO, will remain in 
the ocean and its effects on the marine environment. This 


using a depth of 3000 meters or more as a general guide- 
line. We chose this depth because have confirmed in 
experiments using a high-pressure testing device that at the 
temperature and conditions in the sea at 3000 
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Fig. 1 Concept ef CO, Deep Sea Transfer System—Example of a system fer transporting the CO, by ship and 
transferring it to the abyss by a iong vertical pipe of 3000 meters or longer 
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Table 1 Technical Issues To be Solved in Transport ef CO, to the Abyss 

Vee 
Constant Transfer Conditions : "Understanding of CO? temperature, pressure and density inside pipe 
*Effects of frost or ice on outside o pipe 
*Contro!l of CO? temperature and pressure inside pipe 
Supply of replacement gas to CO? tank 
Suspension of Transfer * Inderstanding of changes in CO? temperature and pressure inside pipe 
*Prevention of formation of hydrates at the CO?-seawater interface 
Beginning and Ending of Transfer *Prevention of gaseous or solid CO? formation 
*Prevention of formation of hydrates at the CO?-scawater interface 
*Prevention of freezing of seawater due to contact with cold CO? 
*Rapid temperature changes in instruments and equipment 
*Formation of hydrates inside the pipe 
*Formation of dry ice inside the pipe 
“Entry of seawater into the pipe {roll over) 





f 


















































Figure 2 is a schematic drawing of the vertical distribution about 2°C and the pressure is about 30 MPa. The CO, will 
of CO, temperature, pressure, and density inside the pipe be heated by the surrounding seawater as it passes through 
during continuous transfer of CO,. The temperature and _the long pipe, and we must select a transfer temperature 
pressure of the CO, as it enters the pipe have not been _that is not too low or ice will form at the outlet of the pipe. 
firmly established, but conditions sufficient to maintain To estimate the temperature change we have to have a 
the liquid phase such as -55°C and 0.6 MPa have been _ proper understanding of the heat insalating effects of the 
proposed. The temperature at a depth of 3000 meters is _ frost and ice that form on the outside of the pipe. It is also 
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Fig. 2 Temperature, Pressure, and Density Within the Pipe during Normal CO, Transfer—an important issue for 
development is technology to transfer low-temperature, pressurized liquid CO, from the surface of the ocean to the 


depths via a long pipe while maintaining temperature and pressure conditions. 
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Key: 1. Surface base; 2. CO, tank; 3. Pump; 4. Pressure, Temperature; 5. Adjustment; 6. Pressure adjusting valve; 
7. Transfer pipe 3000 meters long; 8. Temperature; 9. Pressure; 10. Density. 





believed that the CO, pressure along the way must be 
reduced so that it is not too great for the surrounding water 
pressure at the outlet since the original CO, pressure at the 
ocean’s surface will be increased in a near linear manner by 
the weight of additional CO, behind it as it goes down the 
pipe. Changes in density are dependent on temperature 
and pressure. Density will tend to decre.se at the top of the 
pipe because of higher temperature, but increase at the 
bottom because of greater pressure. 


4. CO, Behavior After Transfer 


It is expected that after the liquid CO, has been released 
into the seawater deep into the ocean after transfer through 
the pipe, it will exhibit the following series of behaviors. 


(1) The liquid CO, released from the mouth of the pipe 
will sink and dissolve into the surrounding area; 


(2) When the CO, arrives at the ocean floor it will settle 
into storage and dissolve into the surrounding area, 


(3) The seawater containing the dissolved CO, will be 
dispersed throughout the ocean; and 


(4) The pH will change due to the increased concentration 
of CO, in the seawater. 


Simulation computations with hypothetical transfer 
methods are necessary to predict and evaluate the behavior 
of such massive amounts of CO, in the ocean, which works 
on a vast temporal and spatial scale. It will be essential to 
have suitable models not only of short-term phenomena 
that occur immediately after transfer, but also of long-term 
phenomena such as diffusion in the ocean. It will also be 
essential to compile data on the physical and chemical 
conditions in actua! areas of the ocean and physical data 


on CO,-seawater systems under high pressure. To verify 
the validity of simulation computations both observations 
using high-pressure testing equipment and water tank 
experiments using simulated fluids are effective, but in the 
future comprehensive experiments conducted under the 
ocean will still be necessary. 


4.1 Sinking of CO, 


The liquid CO, released from the pipe outlet into the 
ocean at 3000 meters will slowly dissolve as it sinks. 
Moreover, we can expect the seawater with the dissolved 
CO, to sink as well because it will have a higher density 
than the surrounding seawater. 


One method of performing simulated computations of the 
sinking behavior of CO, and seawater with dissolved CO, 
employs the Jet Mixing Model, which takes into account 
the effects of chemical reactions on the Shatzmann Jet 
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Fig. 3 Simulation of CO, Descent by Jet Mixing Model—Liquid CO, released into seawater from pipe outlet at 
3000 meters mixes with the surrounding seawater and slowly descends as it dissolves. 
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cross section of the jet for carrying out fluid dynamics _ Fig. 4 Schematic Drawing of CO, Dissolution 
computations. Figure 3 shows one example of the results of (Placed on Wire Mesh)—When the droplet of CO, is 


simulation computations. placed on the wire mesh, the diameter of the droplet 

Behavior Dissolution decreases as the CO, dissolves because seawater with 
* ER dissolved CO, descends and the seawater is continnoesly 
To understand the dissolution of descending CO, or CO, renewed. 


compiled at the present time, I will explain what we know REZ 1 
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Key: 1. Locations of pH measurement (mm), 2. Acrylic 
rod-shaped vessel; 3. Seawater, 4. Observation windows; 
5. Seawater showing color change, 6. Thermocouple 
locations (mm), 7. Liquid CO,. 
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dissolved CO, forms a stable layer at the bottom because 
of the difference in density, and that diffusion from the 
liquid CO, into the seawater above it is due chiefly to 
—2— movement. This means the rate of dissolution is 
very low. 


We studied hydrate formation by looking at changes in 
temperature. In the experiment an increase in temperature 
was observed for about the first 10 minutes after the CO, 
was introduced at point B, which is directly above the 
liquid CO, boundary, and thereafter the temperature 
slowly fell. We believe that hydrate formation began 
almost instantaneously, but after short time either hydrate 
formation stopped or the rate of hydrate formation 
decreased. Based on these results, we can infer that the 
hydrates exist as a very thin film. 


4.3 CO, Diffusion 


The diffusion of seawater with dissolved CO, in the ocean 
is dependent on ocean currents, and in the long run, is 
affected by the activity of living organisms. 


ysical calculations by Maier-Reimer 
and coworkers of major ocean cycles that incorporate 
actual measurements of winds and the rotation of the 
earth. To this is added the effects of the formation of 
organic carbon and inorganic compounds from CO, by 
photosynthetic marine organisms and the food chain as 
well as processes involving their reverse reactions. All this 
taken together can be used to determine the carbon cycle. 
By setting up a source of CO, effusion in this model it is 
= to predict the diffusion of CO, transferred into 
the ocean. 


Figure 6 shows an example of simulation computation 
results. This predicts the distribution of increased CO, 
concentration in the ocean if the exhaust CO, from a | 
million kW class coal-fired power plant is transferred into 
the western part of the North Pacific at a depth of 3500 
meters for 100 years. The graph shows conditions at a 
depth of 3500 meters 100 years after transfer begins, and 
we can see that the CO, has spread over the entire North 
Pacific region. However the calculated increase in CO 
concentration is 2.5x10° mol/kg at most, and com 

with present the average concentration of CO, in the ocean 
of 2x10 mol/kg, this is a very small amount. 


To study the effects on the marine environment due to the 
diffusion of CO, we must perform evaluations with a 
simulation model that focuses on the localized region near 
the point of CO, efflux. A future topic will be the compi- 
lation of data on the topography of the ocean floor, 
currents and diffusion constants. 


4.4 Changes in pH due to Increased CO, Concentration 


An important issue in considering the effects on the 
ee oe ee es See 
will ; in other words, how much the pH will drop. 
However, we currently have no strict definition of pH for 
seawater under high pressure, and a means to measure the 
pH has not been established. 
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Fig. 6 Simulation of CO, Diffusion by Ocean Carbon Cycle Model—Estimated diffusion after 100 years due to 








transfer of CO, exhaust from a 1 million kW coal-fired power plant to the ocean at a depth of 3500 meters. 
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In the past the definition of pH has been expressed as 
pH=-log{[H*] where [H*] represents the molar concentra- 
tion of hy ions. However, because there is no 
method for directly measuring the concentration of 
hydrogen ions, what we actually use for the hydrogen ion 
concentration is the amount of hydrogen ion activity a,, 
multiplied by a hydrogen ion activity coefficient. In other 
words, pH=-log an. Even in this case hydrogen ion activity 
cannot be accurately measured, so the present definition of 
pH is functional and depends on ee the value 
measured by a glass electrode with the value of a standard 
substance at normal pressure. 


At present, commercially available high-pressure pH mea- 
surement devices with glass electrodes are normally cali- 
brated at normal pressure and then used to take the 
readings under high pressure. Therefore, we suspect the 
effects of pressure are added to the actual hydrogen ion 
activity values, so these measurements must be dealt with 
carefully. In the future it will be necessary to clarify the 
definition of pH while taking into account the possibility 
of on-site measurements and create a basis for establishing 
a systematic method for organizing the data. 


Despite the above considerations, I will show an example 
of estimates using the traditional definition of pH based on 
hydrogen ion concentration. Figure 7 shows the depen- 
dence of pH on CO, concentration at 2°C and 40 MPa. 
This is the result of numerical calculations when the 
following nine variables are in equilibrium: ACOs) 
HCO;}, [CO,”}, [Ca*), [CaCO], [B(OH);}, IB H),], 


[H*], and (OH). In addition, the following factors were 
included in the formula: Ist dissociation constant of car- 
bonic acid, 2nd dissociation constant of carbonic acid, 
dissociation constant of boric acid, solubility product of 
calcium carbonate, ionic product of water, conservation of 
carbonic acid, conservation of calcium, conservation of 
boric acid, and conservation of electric charge. 


5. Conclusion 


We have studied the feasibility of transferring CO, recov- 
ered from combustion gases to the depths of the ocean and 
isolating it from the atmosphere as one possible way to 
suppress the increase of CO, concentration in the atmo- 
sphere, which is said to be a cause of global warming. The 
decision on whether it will be necessary to actually imple- 
ment this plan must wait for progress in scientific research 
on global warming. However, we believe studies should 
continue in case we do need to sequester CO, in the ocean, 
so that it can be carried out expediently. We believe that it 
will be necessary to set up a structure to carry out marine 
research and technical development, and we must have the 
cooperation of other nations. 


In closing I wish to thank the many knowledgeable Japa- 
nese and foreign scholars in academia, government, and 
various private organizations including the Tokyo Electric 
Power Company, Kansai Electric Power Company, The 
Central Research Institute of the Electric Power Industry, 
etc., for their excellent advice and support of this research, 
which is still underway. 
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Fig. 7 Estimated Changes in pH due to Increase in CO, Concentration—Calculated pH values at 2°C and 40 MPa 
with and without consideration of calcium carbonate equilibrium. 
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CRIEPI Develops Technology To Curb Loss of 
Marine Plants 


94FE0936H Tokyo NIHON KOGYO SHIMBUN 
in Japanese 22 Sep 94 p 1 


{FBIS Translated Text] The Central Research Institute of 
the Electric Power Industry (CRIEPI) has developed tech- 
nology to prevent “desertification of the ocean” by artifi- 
cially creating forests under the sea. This technique builds 
a substrate isting of natural rocks and special blocks 
with projections that enable the spores of large kelp 
drifting in the ocean to attach to them. Results of experi- 
ments over the past two years have confirmed the creation 
of beds of the toy kelp “arame” (Ecklonia stronifera) and 
“kajime” (Ecklonia cava). CRIEPI predicts that this tech- 
nology can be used to create underwater parks, etc. 


Kelp beds supply food for marine life and oxygenate the 
water, and it is estimated that there are roughly 200,000 
hectares of kelp beds in the sea around Japan. However, 
- A. A Ag year by year due to 

industrial development and pom By in the natural envi- 
ronment. To prevent this desertifiction of the ocean, 
CRIEPI became involved in developing technology to 
create underwater “artificial forests” of kelp. The method 


developed by this research features special blocks called 
“Seasup [phonetic] Blocks” that sport projections where 
the spores of kelp can attach. Together with natural rocks, 
these blocks are placed on the ocean floor as a substrate. 
The projections on the blocks are in the form of horizon- 
tally wide inverted pyramids. This makes it easy for kelp 
spores drifting in the ocean to attach, and the shape 
protects the young sporophytes from sand and mud that 
may settle down from above. 


When CRIEPI conducted demonstration experiments off- 
shore from Sagami Bay on the Miura Peninsula, beds of 
“‘arame” formed on a substrate 3 meters deep, and beds of 
““kajime” formed on a substrate 10 meters deep. Moreover, 
there was no need to exclude sea urchins and other 
organisms that feed on the kelp; it was able to grow 
naturally without human intervention. Spores from nat- 
ural underwater forests drift about 100 meters, so this is 
one limiting condition for the creation of underwater 
artificial forests. 


This technology can be used to create new ocean environ- 
ments such as underwater In addition to creati g 
this underwater forest artificially, the research institute 
plans to expand its research to create “underwater 
ranches” for propagating shellfish, etc. 
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‘Clean J ” Center Coordinates Establishment Fig. 1 Flew Chart of Verification Testing Project for 
of Waste Pilot Plants Reese of Wasie Resources 
94FE0936I Tokyo TSUSANSHO KOHO in Japanese 
13 Jun 94 pp 12-13 —J 
[FBIS Translated Text] S 
of for Construction of 
(eaten @ Comey ee a. 5983 


Waste and Verification Testing after Plant Completion 
for FY94 


{Eavironmental Guidance 
Environmental 
1. Outline of Project 


The non-profit Clean Japan Center (hereinafter, the 
Center) received a government subsidy from MITI and 
began a verification test project aimed at the effective 
utilization of resources and preservation of the environ- 
ment by promoting the processing of waste and the reuse of 
its resources. 

ow Sie sae Oe See Sem 8 ee eae 2 
applicants to obtain their cooperation in selected projects. 

By constructing verification testing plants for the we 
cessing of specified types of waste and the reuse of its 
resources and by conducting verification testing the Center 
will gain an understanding of the cost-effectiveness of the 
project, its technologies, etc. Moreover, the Center will 
promote the processing of the same types of waste and the 
reuse of resources by publicizing the results. Its ultimate 
goal is to contribute to the need in society for the creation 
of a pleasant environment. 


2. Operations 


All operations recognized as necessary for attaining the 
entt 48 Goo contnst ⏑— Ue the 


project (including processes that render waste harmless, 
reduce its mass, etc., with emphasis placed on the reuse of 


resources from waste and the recovery of energy). 


3. Project Organization 
The Center will oversee this 


Division, Industrial Location and 


will obtain funding 


After the verification tests have been completed, the 
testing may continue to operate the 
plants, and after a considerable period of time (more than 


Figure l shows a flow chart for the project. Figure 2 shows 
a timetable for the from plant construction to 
completion of testing and publicizing the results. 


797 b}BRKRO5 SEM 
RAGORRMO 1 /2RF 










































































3uamze 3 
i . 
_ = a — — 
dod. 4 
e| e| e|o @| @| of e| @ r) 
yi zi visi f+ al sl vi zi x 
5 * * Sa7 2i R 9 oi & + 
yi vi viBi am« @ 4 yi vi ® 
>| et et Ani 8 ri) tl @ * 
si) i o envy +| @| wi o| @ 
m| Al @ mer @| ai ew] gf a 
r @ =n9 @| | ml &| @ 
4 = =m? #| 2| a| @| & ° 
rs he -| 8 
® * 5 m2 w|i 2 * 
8 as ai¢ 
* or s| x * 
t Py — 
7 —AM 
RB 6) on; & 
im] 2 
| uncan-macems| | | 
cr |i 
. m2 @ | ite 
. 
iT 7 i 
8 — RERRARKE | r 
—— 8— 
aaah 
ary ry 


Key: 1. MITI; 2. Subsidy (Less than 4 the amount 
needed for machinery, equipment, etc., from plant con- 
struction funds}; 3. Project Supervision; 4. Clean Japan 
Center (non-profit corporation); 5. [*Feasibility Study, 
*Public surveys on the extent of contribution to indus- 
trial waste processing projects, etc.]; 6. Local public 
organizations, organizations from related industries, 
etc.; 7. Applicants; 8. Plant manufacturers; 9. Verifica- 
tion testing consignees (Businesses, 3rd party centers, 
local public organizations, etc.) (1) Accept applications 
(2) Preliminary hearing to select candidates (3) Final 
selection of project candidates (4) Burden charges for 
part of plant construction funding (More than 2 amount 
for machinery, equipment, etc.) (5) Order construction 
of plant (6) Delivery of plant (7) Inspection of plant (no 
—* (8) Consignment of plant operation and control 
and beginning of verification testing (9) Report on 
results of verification testing (10) Begin activities to 
publicize results of verification tests (11) Report on 
activities to publicize test results 
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Fig. 2 Outline of FY96 Verification Plant Selection, 
Construction, and Testing 
1 2 3 4 5 
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Key: 1. 1994; 2. 1995; 3. 1996; 4. 1997; 5. 1998; 6. 
Acceptance of applications for candidate themes; 7. 
Preliminary; 8. Feasibility study, etc.; 9. Main hearing 
(theme selection); 10. Plant construction; 11. Verifica- 
tion tests; 12. Interim report; 13. Final report; 14. 
Publicize results; 15. Cede plant 





94FE0936J Tokyo KAGAKU KOGYO NIPPO 
in Japanese 16 Aug 94 p I 


[FBIS Translated Text]The Ministry of International Trade 
and Industry (MITI) will begin its “Eco-Friendly, Next- 
Generation iio Processing a. (Simple —- 
istry Program) for purpose of developing innovative 
— — MITI has decided that we have reached 
the limit of effectiveness in energy-saving and anti-pollution 
measures, so it will develop revolutionary processes that will 
halve the number of steps in multi-step chemical reactions 
currently used in industry. More specifically, the project will 
be involved in three areas: 
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(1) New chemical reaction processes with high selectivity, 
(2) Manufacturing processes that use enzymes, and 
(3) Continuous dissociation and synthesis processes. 


use acidic catalysts, this process makes the use of corro- 
sion-resistant materials in manufacturing equipment 


un , and MITI believes an energy savings of 
roughly will also be realized. 
These topics are under investigation by scientific organi- 


plans to include ¥ 290 million for the program in next 
year’s estimated budget request. 

Behind the initiation of this technical development is the 
view that we cannot realize peak energy savings with 
current measures alone. MITI has been actively involved 
in energy saving and resource conserving policy and has 
had some success, but since 1988 the rate of energy savings 
has remained unchanged. In other words, MITI believes 
that current measures have come full cycle. At the same 
time, however, drastic measures are needed to combat 


problems with the environment. 
Moreover, corporate streamlining and ter efficiency 
are major issues facing the chemical i . One effec- 


tive means of resolving these problems is the simplifica- 
tion of manufacturing processes. Japan’s chemical 
industry, which has depended mainly on technology 
transfer, will also be able to increase its competitive 
strength internationally by establishing its own technology. 
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Mitsabishi Electric Develops sensitivity even over long distance (100 kilometers) trans- 
Crystal With Reliability for Long Range mission. In addition to applications in trunk lines. Mitsub- 
Sub Cone 0g SEE pen pee ey ey 


compensating distorted 
pression distortion is added to the quantum well layer in 
the distorted quantum well, and a tensile distortion is 
added to the sidewall. Several of these layers are stacked to 
achieve the new structure. By using MOCVD (metal oxide 


obtained; and it has been verified that laser 
and reliability are not adversely affected. 
The new structure will be used in semiconductor lasers for 


ation in the wavelength of the laser light high-speed 
ea SE dad ton te teak Ub o 
0.3m or less. As a result, high-speed transmission char- 
acteristics can be greatly improved, and it has been veri- 
fied that there is almost no deterioration in reception 


Hitachi Cable, Ltd. Develops New Highly 
Efficient Optical Waveguide 

94FE0926C Tokyo NIKKEI SANGYO SHIMBUN 
in Japanese 30 Aug 94 p 5 


The new technique consists of first precisely aligning the 
fiber and waveguide, then irradiating the area by laser to 
melt and fuse both glass components. 


In an experimental waveguide, the cross-section of the core 
Cee re ee Pine S Seve Spee and Os Ser 


was adjusted within the range 


junction area was heating to 1260°C, a high light transmit- 


tance of 97% (average) was achieved. To maintain adhe- 


sion, it is necessary to precisely control the depth of the 
area which is melted by the laser. 


According to Hitachi, in this method, the sections of the 
matched 


Therefore, there is no variation in the refraction of light in 
the bonded area and high transmittance can be achieved. 


A former bonding method used on a practical basis con- 
me = tre ET open hey mpheeseas Spee Eng se 
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Fujitsa To Expand Investment in TFT-LCD 
Production 

95FE0276A Tokyo NIKKAN KOGYO SHIMBUN 
in Japanese 6 Feb 95 p 1 


[FBIS Translated Text] Fujitsu Limited (Yoshi Sekizawa, 
President) has decided to invest 30 billion yen during 


£ 


invested in this plant during fiscal 1995-96 under its initial 
plan. The new line will commence operation in fiscal 1996, 
and will boost the production system to a monthly output 


the end of March 1994. Up to that point, the company had 
already invested 20.5 billion yen in the Yonago plant 
during fiscal 1993, and another 3 billion yen in fiscal 1994. 
Glass substrate input on the first-phase line works out to 
7,500 units per month. The plant currently produces 
15,000 10-inch glass substrates a month. 


Up until now, plans for fiscal 1995-96 called for investing 
the remainder of the funds slated for this period, some 15.5 
billion yen, in equipment for the second-phase production 
line. The revised investment plan was drawn up to enable 
the company to switch to production equipment capable of 
handling four 11 .3-inch panels for high-resolution S-VGA. 
This switch involves changing from past manufacturing 
equipment designed to produce 380 X 480mm LCD glass 
substrates to advanced equipment capable of manufac- 
turing 400 x 500mm glass substrates. Fujitsu's goal is to 
rapidly introduce technology capable of handling larger 
substrates in greater numbers to enhance the productivity 
of its 10- and 11-inch LCDs. 


In addition, plans also call for reinforcing unit assembly 
and inspection processes, and partially expanding avail- 
able production space. These changes in the design of the 
second-phase production line will result in a 30 billion yen 
investment during fiscal 1995 and prospects for an addi- 
tional 5 billion yen worth of investments to be made 
during fiscal 1996, thus doubling the amount of the 
company’s original TFT invesiment plans. 

Major manufacturers of TFT have been ardently investing 
in plants and equipment for the mass production of LCDs 
for use in 10-inch notebook PCs, and real technology gaps 
will be manifesting themselves soon. Especially problem- 
atic will be dealing with the costs involved in expanding 
the size of the glass substrates and lowering the number of 
TFT processes. Sharp and Toshiba are planning to invest 
in 400 x 500mm glass substrate lines at their new plants. 


LCD Over-Capacity Feared 
95FE0276B Tokyo NIKKEI SANGYO SHIMBUN 
in Japanese 1 Feb 95 p 8 


[FBIS Translated Text] “This year’s focus will be on 
applications.” This is the common , 


quite a change of pace from last year when these compa- 
nies were going all-out to construct plants aimed at 


year, there shou'd still be enough TFT-LCDs for just about 
all of them. But in reality, demand for supertwisted 
nematic (STN) LCDs for notebooks is also ishing. It is 
beginning to look like a fairly large portion of TFT: 
could wind up as glut in future. 

There are also manufacturers from Korea and other coun- 
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10-inch TFT-LCDs available for 50,000 yen apiece. 
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next big user of large-scale LCDs are not seen by industry 
insiders as taking off during 1995. 


How to overcome this problem? Are new markets being 
reflected on LCD screens? This year, instead of produc- 


tion capacity, the major man are thinking 
“applications” instead 
SAS Siasbat Expected So Sayan 1 Trillion Yen 


95FE0276C Tokyo NIKKAN KOGYO SHIMBUN 
in Japanese 14 Feb 95 p 7 


[FBIS Translated Text] Production of liquid crystal dis- 


1995, and will exceed one trillion yen in 1996. These 


expanded production figures are based on expectations of 
increased demand for LCDs for use on notebook-size 


color LCDs, which are less expensive than TFT-LCDs, are 


Fe 
a8 


m industry. The indestry io cakenting the 


confronting LCD manufacturers in the face of an 
expanding world market are: 


1) lower cost 10-inch TFT-LCDs for use on notebook PCs; 


2) significant technological innovations for production 
equipment for 14-inch and larger TFT-LCDs; 
3) the progress of informatization in Asia and around the 


The report went on to claim that if these conditions can be 
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range compared 
ee 
in TFT-LCDs by forerunners in this fieid, such as Sharp, 
NEC and Toshiba, were put into operation in 1994, and 


role in expanding the base of LCD demand.” And the 
as one in which “ notebook performance isn’t 
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Sankyo Te Build New Plant for LCD Reflecting the strong market for semiconductors, Sankyo 

Production 4 i vemrates Cans 006Genn ening iapeamier, 
were up 


95FE0274B Tokyo NIKKAN KOGYO SHIMBUN 
in Japanese 7 Feb 95 p 9 


FBIS Translated Text] Sankyo Engineering (Kizo Shiba- 
ae iio construct a new 
in 


me 
LCDs expected to grow in 1997-98, the company felt 
compelled to significnatly increase its production output 
me ey ny ae ey a 
GES 0 nee pias ce SED Gees Giles of lad 8 
in Notsuharamachi dedicated to producing LCD 
et he equipment. The company expects the plant 
to be fully operational by 1998. President Shibagaki feels 
strongly that sales of LCD manufacturing equipment, 
especially cleaning equipment, “Will redouble over the 
next few years.” The company intends to cultivate its LCD 
manufacturing equipment business until sales of this 
equipment are on a par with those for semiconductor 
manufacturing equipment by the time the new plant comes 
on-line around 1998. 
ee ee 
force behind the of LCD man 
mest. This division separated — Bess- 
ness Division in January 1995. The latter has primary 
responsibility for producing semiconductor manufacturing 
equipment. President Shibagaki will serve as the head of 
the Liquid Crystal Business Division, and has put together 
a company-wide system for getting this new division off 


uf: ipmen 
principal production base, the Ohme Plant (Ohme. 
Toto has its hands fal ecpng uy with increased output 
of semiconductor manufacturing equipment, the company 
has concentrated assembly work of LCD cleaning equip- 


95FE0274A Tokyo NIKKEI SANGYO SHIMBUN 
in Japanese 26 Jan 95 p 9 


[FBIS Translated Text] Nichiden Anciva 


Initially, the Fuji Plant will be charged with producing 
“ILV9500 Series” plasma chemical vapor deposition 





er ee oe Copying and dissemination 
is prohibited without permission of the copyright owners. 














JPRS-JST-95-017 
29 March 1995 


Development for Next Generation Nuclear Reactor 


95FE0230A Tokyo ENERGY in Japanese 
Oct 94 p 31-33 


——— 


Plans) put together by the Atomic Energy Commission of 
Japan (JAEC), Japan will pursue R&D of innovative 
ee designed to achieve effective 

and use. In pursuing its R&D plans, 


JAEC. will take an integrated approach, 
—AA—— 
* brea 


paper 
the following three reactors advocated by the long-range 


(1) a reactor with improved passive safety; 
(2) a reactor which can deal with plutonium demand with 
flexibility; 


(3) actinoid recycle reactor. 
R&D of Nuclear Reactor with Improved Passive Safety 


Passive-Safety Light-Water Reactor 

The passive safety light water reactors consist of two types, 

one makes use of currently-available light water reactors 

and uses static equipment and circuit in their engineering 
simplification, and 


safety facility to achieve system the 
other an innovative type which aggressively static 
devices. Many organizations the world are 

ineeri of reactors of one or 


my gt ay st: 
eas ae do anieeamh ate anes af tan 
by nuclear reaction at a reactor core is always 
ollowed by removal of heat—as well as a through-flow 
shaun quseanen. alt ognn en wil iniininen inevenee 


ci LE Ry 

Because of its use of graphite, even if abnormal rise in 
output or abnormal fall in cooling capacity should occur, 
temperature of a reactor core will be slow to change. 
Moreover, since metals are not used, there is no danger of 
reactor core melt-down. In comparison with other nuclear 
reactors, the load feedback effect of a high-temperature gas 
reactor is greater. 

Based on its past experience, in the U.S. States, GA 


At HTTR, accumulation of operating data essential for the 
high temperature gas reactor technology, validation tests 
for builtin safety, and the irradiation test of fuel and 


Nuclear Reactor Designed to Provide Flexibility in 
Dealing with Pu Demand 7 
Operation of a water reactor produces a amount 


and a fast reactor currently in progress. On the other hand, 


iP Se Se Ge 6 Lele CES 
Activated Storage of 


warheads of unused nuclear weapons. Also currently under 


development is an advanced light water reactor designed 
Se ae oes 
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Key: 1. Nuclear reactor containment vessel; 2. Natural air cooler; 3. Power water filling pool; 4. Remaining heat 
removal thermal exchanger, 5. Internal control rod drive mechanism; 6. Primary system; 7. Pressure accumulator 
water filling tank, 8. Core auxiliary water tank; 9. Pressure container, 10. Nuclear reactor core pressure container, 1 1. 
Secondary system; 12. Steam; 13. Steam generator, 14. Water, 15. Turbine; 16. Generator, 17. Condenser, 18. 
Seawater, 19. Condensate pump; 20. Feed pump; 21. Primary cooling material pump 





Fig. 2. Concept of Lead-Cooled Fast Reactor 
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uses nitride as a fuel and lead as a cooling material has been 
undertaken in Russia.” The nitride fuel used in this reactor 
has a high thermal conductivity and other excellent proper- 


integrated type, manufacturing of reactor vessels is 
1 and limitati 


(separation and decay Although Japan’s 
Omega Project (related to group and decay 
processing of high-level radioactive waste) and the actinide 


(1) reprocessing designed to recover Pu, only in combination 
with MA; 


(2) Se ee ea eens 
producing fuels containing MA at a remote site; 
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Fig. 3. Conceptual Diagram of Accelerator Decay Process 
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Key: 1. Proton accelerator, 2. Proton beam; 3. Beam sca 


















ttering magnet; 4. Cooling material inlet; 5. Incoming beam 


window, 6. Tungsten target; 7. Actinoide; 8. Actinoid fuel [uncritical] core; 9. Reflector; 10. Nuclear smashing 
reaction; | 1. Cooling material outlet; 12. Intermediate heat exchanger, 13. Steam generator, 14. Power transmission; 
15. Proton accelerator, 16. Steam turbine; 17. Nuclear fissile reaction; 18. Primary pump; 19. Secondary pump; 20. 


Feed water pump; 21. Condenser; 22. Power generator. 





(3) a fast breeder reactor which loads fuel containing MA 
in the core and is characterized by efficient 
combustion’ 


Moreover, this idea is said to lead to the lower quality Pu 
fuel and increased radioactivity, which will strengthen 


reactivity is controlled by proton beams, this concept 
not require control and safety rods, and restriction 


rently under study at JAERI as a part of the Omega Project 


is shown in Fig. 3'”. A proton accelerator with a huge 

strength has yet to emerge. However, JAERI’s R&D efforts 

aimed at its realization has been progressing steadily. 
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Development for High Level Waste Vitrification 
Technology 


95FE0230B Tokyo ENERGY in Japanese Oct 94 p 38-41 
[Article by Koichi Tsurumaki, PNC] 


[Text] Japan’s basic policy of promoting a nuclear fuel 
to reuse plutonium and uranium recov- 


ered from reprocessing of spent fuels produced by nuclear 
power generation, is a goal consistently pursued ever since 
Japan had embarked on nuclear energy development. It is 
stated expressly in the revised edition of the Nuclear 
Power Long-Range Plans issued in June 1994. 


The high-level radioactive waste is produced when pluto- 
nium and uranium are separated in the course of repro- 
cessing. A measure for dealing with the high-level radioac- 
tive waste is an important problem in promoting 
development and use of nuclear energy. In order to com- 
plete a nuclear fuel recycle, therefore, it is necessary to 
make certain that promotional effort will continue. 
Japan’s basic policy regarding the high-level radioactive 
waste measure stipulates that after -level radioactive 
waste has been solidified into a stable form, it be placed in 

temporary storage where it will be cooled during the period 
of from 30 to 50 years. Subsequently, it will be disposed in 
a deep underground stratum. 


Since the mid-1970’s, in accordance with the Atomic 
Energy Commission’s policy, development of a technology 
designed to vitrify high-level radioactive liquid waste has 
been pursued. 


Power Reactor and Nuclear Fuel Development Corpora- 
tion (PNC) has been playing a central role in the develop- 
ment of vitrification processing technology. Based on some 
of its findings, Tokai Vitrification Facility was constructed 
inside the compound of Tokai Plant reprocessing factory 
in May 1991. 


Beginning in May, PNC has been conducting a cold 
prototype operation using nonradioactive test waste 
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liquid. Beginning in fall 1994, PNC will undertake a hot 
prototype operation involving vitrification of actual high 
radioactive waste liquid currently stored at the repro- 
cessing plant. 


Commercial-scale vitrification plants already are in oper- 
ation in France and In Japan, a vitrification 
facility which will use PNC’s vitrification technology is 
under construction at the Japan Nuclear Fuel Company’s 
reprocessing plant in Rokkasho, Aomori Prefecture. 


Outline of Tokai Vitrification Facility (TVF) 


Vitrification of high-level radioactive waste begins with 
mixing of waste liquid containing radioactive substances 
(cesium 137, strontium 20, etc.) with constituents of glass 
(silicon, boron, etc.), which, then will be heated at above 
1000°C. The water content of the mixture is removed by 
evaporation, leaving hot glass in a melted state, with its 
consistency not unlike that of sticky oil, and radioactive 
ES — 
into them 


A colored glass we normally see is produced by melting 
iron and cobalt, the elements which provide color, into a 
transparent glass. The process of vitrification of radioac- 
tive substances is similar to this manufacturing process. 
However, since a large variety of elements are contained in 
the radicactive substances found in the high-level radioac- 
tive waste liquid, many different colors overlap one 
another, producing black-colored glass. When a melted 
glass, into which radioactive substances are melted, is 
poured into a specialized stainless steel vessel and cooled, 
it becomes vitrified. The radioactive substances are dis- 
persed and solidified in the glass. 

This series of processes—heating of the radioactive sub- 
stances contained in high-level radioactive liquid together 
with glass and pouring of the melted mixture into a 
container—is known as a vitrification process. 


TVF’s vitrification process is shown in Fig. 1. The main 
specifications of VTF vitrification are shown in Fig. 2. 
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Fig. 1. rere 
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Key: 1. Preprocessing; 2. Glass melting process; 3. Off gas treatment process; 4. Waste liquid; 5. From high-level 
radioactive waste liquid storage place; 6. High-level radioactive waste liquid; 7. Receiving tank; 8. Thickener; 9. 
Condensed liquid tank; 10. Condensed liquid supply tank; 11. Glass melting furnace; 12. Scrapper; 13. Vitrified 
radioactive substance container; 14. Welding of lid; 15. Venturi scrapper; 16. Demister;, 17. Ru absorption tower; 18. 
Auxiliary exhaust cylinder, 19. Emitter; 20. HEPA filter; 21. Ru absorption tower; 22. HEPA filter; 23. Process of 
handling vitrified waste; 24. Decontamination; 25. External inspection of surface contamination density; 26. 
Confinement verification inspection; 27. Storage cell; 28. Glass material 





Fig. 2. TVF Vitrification 
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Key: 1. units; 2. Vitrified glass specifications; 3. Vitrified 
glass -Borosilicate glass; 4. Weight of vitrified glass- 
approximately 3000kg; 5. Volume of vitrified glass- 
approximately 110 liter; 6. Caloric power - approxi- 
mately 1.4kW; 7. Vitrified glass container specifications; 
8. Shape - cylindrical disk type; 9. Material quality - SUS 
304L, SUS F 304L 





TVF, Japan’s first vitrification processing plant, is a 
facility built for the specific purpose of validating vitrifi- 
cation technology designed to process high-level radioac- 
tive waste liquid on a plant scale. 


At TVF, after high-level radioactive waste liquid has been 
received and preprocessed, together with glass materials, 
the waste liquid is continuously supplied to a glass melting 
furnace where it will be melted. 


Preprocessing Operation 


After a high-level radioactive waste liquid is put in a 
receiving tank and liquid composition and radioactive 
concentration level have been analyzed, while adjusting 
the concentration level of waste liquid as required, opera- 
tors will enrich the liquid to double its concentration level 
with a condenser. The condensed liquid will be supplied to 
a glass fusion process together with glass material through 
: condensate liquid tank and an enriched liquid supply 
ayer. 


Glass Melting Process 


The waste liquid, condensed and adjusted ay the 
preprocess operation, will be melted in a glass fusion 
furnace at the temperature of approximately 1,100- 
1,200°C and the melted glass is poured into a metal vessel. 
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Fig. 3. Structural Diagram of Glass Melting Furnace 
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Key: 1. Piping for glass material supply; 2. Indirect heating unit; 3. Glass level detector; 4. Metal casing; 5. Main 
electrode; 6. Downstream nozzle; 7. Vitrified waste vessel; 8. Coupling device; 9. Fire-resistant brick; 10. Rack; 11. 
Material supply nozzle; 12. Off gas piping; 13. Waste liquid supply piping 





For glass melting furnace, RVF uses the “Liquid-Fed 

Joule-Heated Ceramic Melter(LFCM method).” With this 

method, the glass melts itself with the joule heat it gener- 

ates when energized with alternate current. The glass 

melting furnace is constructed using refractor in a tank 

which holds glass, and the exterior is covered with stainless 

casing. 

The melted glass will flow down to the container from a 

downstream nozzle at the bottom of the furnace at regular 

intervals. 

i pos of TVF’s glass melting furnace is shown in 
ig. 3. 

Handling of Vitrified Radioactive Substances 

After melted is poured into a vessel, an automatic 

welder steps in to weld a lid to the container. The lid 


surface then is decontaminated using high-pressure water 
and brush. Afterward, exterior inspection, a smear test to 


ensure that surface is free of contamination, and a test to 
verify that the welded lid provides an airtight sealing of the 
container. 


After the inspection has been completed, the vitrified 
radioactive substances in the container will be sent to a 
storage cell where it is kept cold with forced air cooler. 


Off Gas Processing 


After the “off gas” (waste gas) containing radioactive 
substances from both a tank used during preprocessing and 
glass melting furnace has been removed by cleaning, 
absorption, and filtering using a scrapper, absorber, demis- 
ter, and filter, it is emitted from an exhaust tube. During 
this operation, the concentration level of radioactive sub- 
stances in the emission will be monitored continuously. 


Characteristics of TVF 


In order to reduce the level of radioactive exposure expe- 
rienced by employees engaged in the maintenance of 
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equipment used in vitrification process occurring in a 
vitrification cell (a main cell) and to improve operational 
efficiency of the equipment, TVF uses an all remote 
maintenance method. In order to achieve efficient 
operation of remote maintenance equipment using a crane 
capable of operating at distance and a two-arm manipu- 
lator, a large-scale cell method is employed in the 
vitrification cell. 


To facilitate remote maintenance and exchange, main 
equipment is installed inside the vitrification cell using a 
modular rack method. 

For ventilation of a large cell, in order to avoid having a 
large amount of ventilation air and large-scale ventilation 
equipment, TVF uses a low flow ventilation system (LFV), 
designed to ventilate a large cell only once a day. 


Outline of TVF Cold Prototype Operation 


TVF began a cold prototype operation in April 1991 and 
completed the planned test items by March 1993. 


With cold prototype operation, cesium and strontium, 
waste components of high-level radioactive waste liquid, 
are replaced by non-radioactive elements, and the “vitri- 
fication process operation test,” designed to verify safety 
and operatability of facility and equipment using a waste 
liquid which simulates chemical behavior of the high-level 
radioactive waste liquid, and the “remote operation and 
maintenance test” designed to verify removability of all 
remote maintenance equipment and parts as well as inter- 
changeability of all racks including those for a melting 
furnace, have been conducted. 


Vitrification Process Operation Test 


In the vitrification process operation test, we obtained 
basic test data of vitrified glass composition and opera- 
tional data of each equipment by changing the composi- 
tion of waste liquid supplied. At the same time, we verified 
reliability and safety of all instruments and apparatuses 
involved in long-range operation. 


In producing vitrification, it is necessary to properly 
control composition of elements involved, melted glass 
temperature, and welding of a container lid. Composition 
of the entire waste involved and sodium oxides especially 
is important in ensuring that vitrified radioactive waste is 
safe at the time of disposal. Based upon the analysis of 
waste liquid received, composition of vitrified waste is 
decided upon through management of liquid waste to be 
received, waste to be supplied to a melting furnace, and the 
amounts of oxides and a supply of glass material. This test 
enabled us to verify that constituents of both total waste 
and sodium oxides are managed with precision to achieve 


target values. 


Moreover, in order to verify the safety factor of the facility, 
we conducted a performance verification test of waste gas 

Through verification of decontamination coef- 
ficients Sa processing equipment and condenser, we were 
able to verify that they process required capabilities. 


Remote Operation and Maintenance Test 


In remote control and maintenance tests, the remote 
control and maintenance capabilities of such equipment as 


NUCLEAR TECHNOLOGIES 53 


a processing equipment and two-arm manipulator them- 
selves, installed in a melting furnace inside a vitrification 
cell, are tested involving the entire equipment of this 
category. Through these tests, we were able to verify 
maintenance procedures and a remote control equipment’s 
ability to access information on direction, angle, and 
obstacle. Also verified were effects of remote maintenance 
On process operation and soundness of post-maintenance 
performance (not reproduced). 


eee gene CN test of racks. In 
remote control, we used such remote maintenance devices 
as an impact wrench designed to handle remote bolts, a 
tool designed to verify loosening of bolts, as well as pulleys 
for hoisting racks. 


In these tests, we improved our maintenance operation 

procedures by partially changing them; namely, or eadine 
a procedure of demounting nearby equipment beforehand. 
Moreover, we improved the operability and maintain- 
ability of a part of the equipment which needed to be 
improved. They are a handle for remote control handling 
of joint gaskets, electric cable connectors, and shortening 

of accessory cables for inside-the-cell equipment. 


Following the completion of the cold prototype operation 
of TVF, we plan to move on to the hot 


prototype operation 
in order to verify the facility safety and performance of 
vitrification process. 


Comprehensive Plan for Nuclear Power Development 


To Play Bigger Role As Main Energy Source 


95FEOIOIA Tokyo KAGAKU KOGYO NIPPO 
in Japanese 27 Sep 94 p 12 


[FBlS Translated Text] 


As the first year of policy development under a new 
long-term plan for nuclear power development, the Japan 
Atomic En Commission (JAEC) has adopted the fol- 
lowing specific policy measures for nuclear research and 
— —— in FY95 and will promote these as part of a 
comprehensive plan for nuclear power development. 


I. Basic Policy Thinking 


The development of nuclear power in Japan has evolved 
steadily under a policy that emphasizes the peaceful use of 
nuclear energy and the assurance of safety. Nuclear energy, 
accounting for approximately 30 percent of all the energy 
produced in Japan, has become an indispensable energy 
source for assuring a stable supply of energy and improving 
the living standards of the people of Japan. 


Energy demand in Japan, even by fairly moderate esti- 
mates, is expected to grow by 120 percent between 1991 
and 2010. The energy supply structure of Japan, mean- 
while, is extremely fragile, and if the government con- 
tinues its policy of keeping energy demand from growing 
and is shackled by resource and environmental con- 
straints, which are discussed later, non-fossil fuel energy 
sources will be forced to carry a much bi load in the 
future. Because nuclear power offers stability in terms of 
energy supply and economic feasibility among the non- 
fossil fuel energy resources, Japan is compelled to make it 
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one of the key energy resources for solving the frailty 
problem in the energy supply structure of Japan. 


Nuclear energy is not to be viewed solely in terms of an energy 
supply source but the radiation that it produces is also widely 
used in a number of fields including medicine, agriculture, 
engineering, life sciences, basic research, and environmental 
preservation to name a few, and is expected to play an even 
bigger role in the future in terms of improving environmental 
conditions and improving the quality of life such as its role in 
health maintenance seen through R&D on medical 
treatments, e.g. heavy ionography. 


In promoting nuclear development, Japan must also look 
at what contributions nuclear power can make to human 
society and work to achieve those aims. A great deal of 
concern has been voiced both inside and outside Japan in 
recent years over global environmental problems. The 
problem of global warming in particular, the main cause of 
which is the CO, produced by human activity, poses a 
serious threat to the survival base of human beings, thus 
solving this problem becomes an important issue shared by 
all human beings. The use of nuclear energy, whose main 
environmental advantage lies in the fact that it produces 
far less CO, and NO, than other forms of energy, can be an 
effective tool in preventing global warming and acid rain. 
Another important factor to consider when contemplating 
the use of nuclear energy is the diverse ways in which it can 
be used as an energy supply. In light of that, it is important 
that Japan, being one of the scientifically advanced coun- 
tries in the world, promote both the nuclear fuel cycle and 
R&D on nuclear fusion, and create a society in which 
diverse forms of energy are used to complement one 
another. 


Also, the cold war framework between the East and West 
which has formed the international world order since the 
Second World War has crumbled and we are seeing major 
changes taking place in various fields such as politics, 
economics, and sociology. This is having an impact in the 
nuclear field as well. 


For example, we are seeing a major reduction in nuclear 
weapons on the one hand, yet on the other are confronted 
with the problem over what to do with the nuclear mate- 
rials such as plutonium which result from this reduction. 
There has also been a growing concern over the interna- 
tional proliferation of nuclear weapons that has arisen over 
the suspicion that countries such as North Korea and Iraq 
are developing nuclear weapons. The people of Japan have 
also grown deeply concerned over the former Soviet Union 
continuing to throw its radioactive waste into the Sea of 
Japan and elsewhere. Now that the truth is known about 
conditions at nuclear power plants in the former Soviet 
Union, China, and Eastern Europe, there is even greater 
concern then ever before over their safety, such that this 
issue and what to do about it was taken up at the Naples 
Summit this year. 


The issue which is attracting the greatest concern interna- 
tionally among those that have been mentioned above is 
the possession and handling of plutonium even for 
peaceful purposes. This concern arises mostly due to the 
fear over the proliferation of nuclear weapons. On account 
of such things as the promotion of the nuclear fuel cycle, 


JPRS-JST-95-017 
29 March 1995 


the fear over the proliferation of nuclear weapons, the 
uneasiness over the safety of plutonium, and questions 
about the cost effectiveness of using plutonium, Japan has 
been attracting a great deal of attention about its contract 
with France concerning the shipment of plutonium. 


In recognizing these concerns, the Atomic Energy Com- 
mission of Japan (JAEC) in June of this year revised the 
“Long-Term Plan for Nuclear Power Development” 
drafted in 1987 which sets down the basic policies con- 
cerning nuclear power development and uses, and came up 
with a new long-term plan concerning research, develop- 
ment, and use of nuclear power (hereinafter referred to as 
the “new long-term plan”). 


In the new long-term plan, the JAEC put its primary focus 
on the development of nuclear power until the year 2030 
and set forth specific measures until the year 2010. Acting 
in accordance with the provisions of the Atomic Energy 
Act which states that “the research, development, and use 
of nuclear power shall be restricted to peaceful purposes 
and shall come with assurances of safety”, the JAEC 
established four basic policies on nuclear power develop- 
ment based on the idea that it be strictly limited to 
peaceful purposes, which is understandable both at home 
and internationally, and that it guarantee safety. 


Policy Development for Peaceful Purposes 
95FE0101B Tokyo KAGAKU KOGYO NIPPO 
in Japanese 28 Sep 94 p 12 


[FBIS Translated Text] 


The first of these four policies is “to establish a national 
policy for the peaceful use of nuclear power”. 


Japan is already enjoying many results today of its stead- 
fast efforts to promote nuclear power development for 
peaceful purposes, but it is likewise important that Japan 
maintain this effort into the future as well and that it 
develop a nuclear energy policy that befits a country 
committed to the peaceful use of nuclear energy. For that 
reason, the new long-term plan has been formulated based 
on the premise of assuring international reliability 
regarding nuclear non-proliferation, developing technolo- 
gies oriented toward peaceful purposes, and disclosing and 
releasing information appropriate to an advanced country 
using nuclear energy for peaceful purposes. 


The second policy is “to perfect a uniform system for light 
— reactor power plants to make them more reliable and 
safe”. 


This policy arose because light water reactors are expected 
to become the main type of nuclear power plant in Japan 
for the foreseeable future. Accordingly, it was necessary to 
try to improve cost while assuring safety and reliability, to 
ensure enough uranium resources, and to make sure the 
enrichment of uranium was done in an appropriate and 
rational manner. Another reason for this policy was the 
need to develop a system whereby nuclear power plants 
can coexist harmoniously with surrounding communities 
with the aim of facilitating the process of selecting sites for 
nuclear power plants. 
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The most serious problem that remains to be solved from 
the standpoint of having a uniform system for nuclear 
power plants is pw b policy for properly imple- 
menting so-called backend measures (treatment and dis- 
posal of radioactive waste and discontinuation of nuclear 
power plants). The problem that is the most serious is the 
disposal of high-level radioactive waste. 


The third policy is “the steady development of the nuclear 
fuel cycle with a view toward future implementation”. 


This policy arose because uranium resources are limited in 
much the same way as fossil fuel energy resources, and if 
those resources continue to be used up at the present rate 
in light water reactors, the supply and demand for uranium 
will become a serious problem by the middle of the next 
century. Therefore, ing R&D on the nuclear fuel 
cycle with a view toward future implementation will 
provide Japan with the energy security it needs in the 
future. The nuclear fuel cycle is also significant from the 
standpoint of protecting natural resources and the envi- 
ronment and treating and disposing of radioactive waste. 


More specifically, it is important that — continue to 
move forward steadily toward perfecting the technological 
systems of the nuclear fuel cycle so that fast breeder 
reactors, upon which the cycle is based, which are moving 
from the prototype stage to the demonstration stage, can 
be put into commercial use by the year 2030. It is also 
important that a fixed-scale nuclear fuel cycle be achieved 
from the standpoint of the wide range of technological 
systems needed in the fast breeder reactor era. In light of 
that, the policy will aim to apply the experience gained in 
building and operating commercial- size reprocessing 
plants to realizing a nuclear fuel cycle using existing light 
water reactors and advanced thermal reactors. 


In promoting the nuclear fuel cycle, the policy promises 
not only implement strict controls on nuclear materials in 
order to eliminate fears internationally over nuclear non- 
proliferation, but it also promises to work toward assuring 
transparency by having projects be rational and uniform, 
while at the same time adhering to the principle of not 
having any more plutonium than what is planned for use in 
Japan, in other words, no surplus plutonium. 


The fourth policy is “to achieve diverse growth in nuclear 
science and technology and step up fundamental 
research”. 


This policy arises out of the desire to achieve greater 
diversity in nuclear science and technology which has an 
extremely wide range of applications including the use of 
energy from nuclear fusion, the heat generated by high- 
temperature gas reactors, the power generated by ships, 
and radiation uses. 


Nuclear fusion is viewed by many as a permanent source of 
energy, thus Japan, while effectively using its own research 
potential to spearhead international cooperation in this 
area, will move ahead quickly with R&D. 


The policy will seek to pause more widespread use of 
radiation in the fields of medicine, environmental preser- 

vation, and life science related technologies, and will try to 
promote leading-edge R&D on new-type beams produced 
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by modern high-performance accelerators, on research 
reactors, a large-scale radiation facility, and lasers. 


cies Deatier arene Gas ofte Ge penikilty of Souub 


possibility of establishing a technology 
out of the development of new technologies in the 


As the first year of policy development under this new 
sagp tere pian, the EXEL bas anugted Go Sieutas spo- 

cific policy measures for nuclear research and develop- 
ment in FY95 and will promote these as part of a compre- 


hensive plan for nuclear power development. 


Responsibility for Non-Proliferation Worldwide 


95FEO1I0IC Tokyo KAGAKU KOGYO NIPPO 
in Japanese 29 Sep 94 p 14 


[FBIS Translated Text] Specific Policy Measures 
1. Reinforcing Nuclear Non-Proliferation Measures 


In order to ensure the peaceful use of nuclear energy and 
strengthen measures concerned with nuclear non- 
proliferation, Japan will be actively promoting a variety of 
different measures. Along with faithfully fulfilling its inter- 
national duties based on the Nuclear Non-Proliferation 
Treaty (NPT) concerning the spread of nuclear weapons, 
Japan will also be taking some initiatives of its own. 


(1) Strict Observance of International IAEA Safeguard 
Agreement Based on Nuclear Non-Proliferation Treaty 


Japan has implemented strict national and international 
safeguards by concluding a safeguard agreement between it 
and the International Atomic Energy Agency (IAEA) and 
by putting in place a domestic system of safeguards. In 
order for the safeguards to be applied more effectively, 
Japan has been coopera eee ae 


as the IAEA in the field of safeguard technologies. 


In order to maintain and strengthen its domestic system of 
safeguards based on recent international trends, this mea- 
sure will involve building a data processing system ori- 
ented toward new weight control measures, improving 
sample — Lt, methods, developing a design information 
yam eh om os and also pushing ahead with the 
technologies and installation of equipment 

dered to to carry out inspections more effectively and 

iciently. 


In order to provide a system for implementing safeguards 
at the reprocessing plant being built in the town of 
Rokkasho in Aomori Pref, it will also mean increasing the 
number of ee conducting R&D to improve the 
effectiveness of safeguards as it pertains to relevant facil- 
ities, and doing a detail design of a safeguards lab within 
the Safeguards Research Center which is the heart of 
safeguard implementation. 


The Power Reactor and Nuclear Fuel Development Corp 
(PNC) will also be developing a nuclear material safeguard 
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system at the Rokkasho reprocessing plant and performing 
related research which will include developing technolo- 
gies related to nuclear material safeguards. 

(2) Independent Non-Proliferation Efforts of Japan 

This measure will involve doing a research study on 
advanced technologies pertaining to nuclear non- 
proliferation, taking an active role in research on an 
international framework for increasing the level of trans- 
parency regarding the use of plutonium, and developing a 
new system that improves the ability of each country to 
manage nuclear materials. 


It will also mean cooperating and taking part in discussions 
on the storage, management, and peaceful use of nuclear 
materials arising from the dismantling of nuclear weapons 
in the former Soviet Union, and supporting countries that 
once produced nuclear materials in ing non-nuclear. 
The Power Reactor and Nuclear Fuel Development Corp 
will also be conducting research studies on ways to improve 
transparency with regards to nuclear non- proliferation. 


It will further involve conducting R&D on actinide recy- 
cling methods from the viewpoint of non-proliferation. 


Focus on Preventive Measures for Safety 
Assurance 


95FE0101D Tokyo KAGAKU KOGYO NIPPO 
in Japanese 30 Sep 94 p 12 


[FBIS Translated Text] 
2. General Reinforcement of Safety Assurance Measures 


In persuing R&D on nuclear energy, Japan has looked to 
maintain strict regulations and controls and provide extra 
assurances of safety, but because nuclear power plants are 
aging and growing older, it will have to reinforce nuclear 
safety assurances, e.g general preventive maintenance 
measures, and improve — even more. It will also be 
necessary to provide extra safety assuredness to deal with 
the widening use of nuclear energy, the construction and 
operation of nuclear fuel cycle acilities such as repro- 
cessing plants, the increased transportation of nuclear 
material, and future diversification of nuclear energy uses 
in R&D. 


(1) Beefing Up Administration of Nuclear Safety Regulations 


This measure applies to regulations for assuring nuclear 
safety. It will involve implementing strict safety regula- 
tions based on administrative agency guidelines, but it will 
also be seeking to achieve even greater safety assurances in 
the future by beefing up and strengthening the safety 
review system and operation management supervision 
system. 


The Nuclear Safety Commission will be looking to provide 
extra assurances of safety by doing double-checks on safety 
reviews conducted by administrative agencies, and also by 
doing its own reviews ae to the needs at each stage 
after an installation is appro and by making a compre- 
hensive evaluation of the safety regulations enforced by 
each administrative agency. 
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In the review process, the Nuclear Safety Commission will 


ee a ees 
fuel safety committee, and will also be seeking to assure 
objectivity and rationality. It will also be holding public 
hearings on the safety of the facility in question when 

the safety reviews done by administrative 
agencies regarding installation of main nuclear facilities 
such as nuclear power plants. 


OS See ep be pemeians Velen oe review guidelines 
and standards needed to regula ety. In the future, 
owing to the fact that oo oo 
plants is rising, and the fact that something will have to be 
done to raise the level of safety of those plants, it will also 
be taking steps to deal with the aging of nuclear power 
plants such as periodic safety reviews, and will be pro- 
moting a comprehensive preventative maintenance policy 
which will include steps to deal with severe accidents. 


It will alsc be taking the necessary measures to comply 
with the Nuclear Safety Treaty whose stated purpose is to 
ey Cpe ay eae Cee 


In order to deal with the increased transport and diversity 
of radioactive material and provide more safety assurance 
in the transport of those materials, it will be doing a 
research study to evaluate the safety of transporting radio- 
active materials. 

It will also be doing studies on the revision of nuclear 


standards, and on the safe 
rials doing work for the IAEA. It will also be involved in 
such things as international conferences on nuclear facility 
safety regulations, information exchanges on safety regu- 
lations with countries such as the United States, France, 
the former Soviet Union, and China for the Organization 
for Economic Cooperation and Development/Nuclear 
Energy Agency (OECD/NEA). It will also be promoting 
more international cooperation on nuclear safety, 
strengthening safety regulations through better mainte- 
nance of safety review guidelines and standards, inviting 
specialists from other countries to Japan, and taking part 
in studies for the IAEA on international treaty policies 
concerning nuclear safety so as to contribute to improving 
worldwide nuclear safety assurances. 


This measure will also be dealing with the widening use of 
radioactive isotopes and providing a higher degree of 
safety assurance. 


On the recommendation of the International Commission 
on Radiological Protection (ICRP) in 1990, this measure 
will include a research study to be conducted by the 
radiological committee. 


(2) Strengthening Nuclear Disaster Prevention Measures 


In order to better respond to a nuclear disaster at a nuclear 
facility, this measure will involve maintaining an emer- 
gency communication network, an emergency medical 
system, and disaster prevention related materials and 
equipment, and disseminating information about nuclear 
disaster prevention. From the standpoint of maintaining 
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borne monitoring system. It will also inciade the 
> . . t . i raising 
and trying to bolster prevention training in order 


Research on Environmental Impact of Radiation 


9SFEOIOIE Tokyo KAGAKU KOGYO NIPPO 
in Japanese 3 Oct 94 p 16 


[FBIS Translated Text] Safety Research 
In order to accumulate the scientific and technical kno- 


in accordance with the annual plan put forth by the 
Nuclear Safety Commission and will involve promoting 


and effects thereof of radiation in the environment; and 
promoting safety research on radioactive waste. 
(1) Nuclear Facility Safety Research 
This measure concerns the general implementation of 
research on the safety of nuclear facilities and on engi- 
neering safety pertaining to light water reactors based on 
research laboratories, primarily 
Research Institute. The Japan 
Atomic Research Institute will be conducting an experi- 
ment (ROSA-V project) using the large-scale test facility 
(LSTF) on the tion and containment of a severe 
accident in a light water reactor, doing experimental 
research on reactivity failure using the nuclear safety 
research reactor (NSRR), doing safety research on fuels 
with the material test reactor (JMTR) and a commercial 
fuel testing facility (large-scale hot lab), and doing safety 
research on severe accidents including load assessment 
and performance of containment vessel in a hypothetical 
accident. Further research will be done to evaluate the 
effects of pressure, temperature, and shock (PTS) on the 
life of the pressure vessel. 
The Power Reactor and Nuclear Fuel Development Corp 
will be doing research on advanced thermal reactors. This 
will include research to assess the soundness of mixed 
uranium-plutonium oxide fuel (MOX fuel) and research 
on severe accidents. The Power Reactor and Nuclear Fuel 
Development Corp will also be doing research on fast 
breeder reactors which will include doing research on 
safety designs and formulating assessment steps, on 
accident prevention and containment, and on severe 
accidents. 


The Power Reactor and Nuclear Fuel Development Corp 
will be doing research on engineering safety of nuclear fuel 


The Japan Atomic Energy Research Institute will continue 
taking part in cooperative international research projects 
having to do with safety. This will include participation in 
the HARDEN project which involves research on fuel 
performance and reliability, the CSARP project which 
involves research on the behavior of fuels during a hypo- 
thetical accident involving damage to the core, and will 
include collaborative with the United States, 


He 


severe accident in a light water reactor conducted with the 
JAERI nuclear safety research reactor. The Power Reactor 
and Nuclear Fuel Development Corp will also continue 
taking part in research on fast breeder reactors with other 

countries which will include tests to evaluate the behavior 
of fuel during a reactivity insertion accident. 


(2) Environmental Radiation Safety Research 


This measure will concern safety research on environ- 
mental radiation. It will include el the mecha- 
nism by which low levels of radioactivity affect the human 
body physically and genetically and assessing the risk 
thereof, and doing research on the behavior of radioac- 
tivity in the environment. 


The National Institute of iological Sciences will be 
conducting research on the effects of low-level radiation on 
the human body. It will include demonstrating the dose- 
effect relationship of low-level radiation, and doing 
research to assess the radiation risk to the human body, 
and along with that doing research on controlling radiation 
levels in residential environments. 


The National Institute of Sciences, the Japan 
Atomic Energy Research Institute, and the Power Reactor 
and Nuclear Fuel Development Corp will be taking part in 
research on the behavior of environmental radioactivity. 
This will include monitoring environmental radiation and 
doing a research study to assess the degree of public 
exposure to radiation, and doing surveys to measure the 
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effects and understand the levels and behavior of radioac- 
tivity on the environment and in the body. It will also 
include monitoring the levels of radioactivity in food. The 


waste containing TRU nuclides. 


Establishment of Safety Through Multilateral 
Cooperation 
95FE0101F Tokyo KAGAKU KOGYO NIPPO 
in Japanese 5 Oct 94 p 12 


{[FBIS Translated Text] Bolstering Environmental 
Radioactivity Monitoring 

This research will involve establishing an accurate system 
for monitoring environmental radioactivity in areas sur- 
rounding nuclear power plants, continuing to do compre- 
hensive radioactivity monitoring for marine environ- 
mental radioactivity in the surrounding oceans and to 
install a marine monitoring system. Moreover, to address 
the problem of radioactive waste being thrown overboard 
by the former Soviet Union for many years, it will also 
involve plans to beef up of the system for monitoring 
radioactivity in the oceans around J from the view of 
measuring the effect that radioactivity is having on the 
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(5) Strengthening Measures To Limit Exposure 


This measure concerns limiting the radiation exposure of 

those working in the nuclear power industry. It will include 

toughening regulations concerning nuclear raw material, 

nuclear fuel material, and nuclear reactors, and the laws 

concerning the prevention of radiation damage due to 

socmnneiive Sastapen, Gnd Che acesteas eatty and Rest 
WS. 


(6) Perfecting a Nuclear Fuel Recycle System 


Te wie lndhade arming witty & Go Gockegmans of 
advanced reactors, perfecting a nuclear fuel recycling 
commons fas guns Geek Goechadian Crtbneheaion conmeunal 
with the discontinuation of nuclear reactors, the develop- 
ment of the fast breeder reactor, advanced thermal reactor, 
and high- temperature engineering test reactor, and R&D 
on nuclear fusion. It will also mean pushing ahead with 
studies on necessary safety review guidelines and stan- 
dards and R&D on safety. 


(7) Assuring International Nuclear Safety 


This measure concerns assuring international nuclear 
safety and will include collecting information on failures 
and other troubles of overseas nuclear facilities by holding 
discussions with the respective countries, and also sup- 
porting and coordinating activities with various overseas 
countries through bilateral and multilateral frameworks. 
Specifically, it will mean contributing to improving the 
nuclear safety of countries such as the former Soviet 
Union, China, and East European countries by improving 
the short-term methods for accident prevention by dem- 
Onstration tests of the on-line malfunction detection 
system using ~~ po It will also include investi- 
gating the safety of reactor discontinuation, providing 
training for operators and engineers of overseas nuclear 
power plants, sending specialists to other countries, pro- 
viding training using a Japan-supported operational 
training simulator. 


It also means taking an active role through the IAEA and 
OECD/NEA in investigating and analyzing nuclear safety 
in the former Soviet Union, China, and East European 
countries. As for cooperation with neighboring Asian 
countries and developing countries, it will include 
extending cooperation through information exchanges on 
safety-related systems and regulations used in those coun- 
tries, putting an emphasis on assurances of nuclear safety 
in these countries, and extending cooperation through 
nuclear safety grants provided by Sy European Redevel- 
opment Bank. It will also mean drawing up the necessary 
measures regarding the Nuclear Safety Treaty adopted in 
June of this year. 
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power plants and the nuclear fuel cycle 
In order to do that, this measure will involve creating PR 


cooperation regarding 
the site of nuclear facilities which may include holding 
lectures, forums, and seminars on nuclear power, and 
offering support to local governments for PR activities. It 
will also include promoting local coordination concerning 
proposed sites for nuclear power plants through the activ- 
ities of regional branches offices, departments, and 
bureaus. For regional coordination concerning areas where 
nuclear power plants and nuclear fuel cycle facilities are to 
be located, it will involve promoting close contacts 
between the government and local citizens through a 
nuclear power coordinator. 


As far as national coverage, the measure will involve 
setting up a PR office equipped to deal with television, 
radio, and the mass media, offering such things as films 
and videos, and doing some grass-roots and experiential- 
type PR activities such as public seminars. It will also 
involve vigorously disseminating information concerning 
nuclear power development, e.g. setting up nationwide 
information offices. 


On the other hand, in promoting public understanding and 
cooperation, it is essential to have strong international ties, 
so this measure will also involve conducting surveys on the 


yf 74 


health of people working at nuclear an Seana 
operational management policies, monitoring the 

of thermal effluent, implementing fire prevention mea- 
sures, and doing tests to verify the safety and reliability of 
nuclear facilities. Furthermore, by bringing radiation- 
related services to the area and promoting 

basic nuclear technologies in regions where facilities are 
located, this measure is also aimed at developing a policy 
which will further understanding regarding nuclear power 
and facilitate the opening of nuclear facilities. It will also 
include conducting a vigorous PR effort the mass 
media, doing research on the methods for ing new 
sites, and developing a more advanced method for 
selecting sites. 


Advancement of Light Water Reactor Based on 
Domestic Technology 


95FE0I01H Tokyo KAGAKU KOGYO NIPPO 
in Japanese 7 Oct 94 p 12 


[FBIS Translated Text] 


5. Promoting a Light Water Reactor Based Nuclear Power 

System 

(1) Developing Advanced Light Water Reactor 

This measure is aimed at improving reliability and rate of 
ion and lowering the risk of exposure to workers. It 

will involve developing an advanced light water reactor 


using home-grown technologies, doing research to perfect a 
light water reactor suited to Japan, and developing nuclear 
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ies related to human factors within commercial 
nuclear power plants, and putting in place a better proba- 
bilistic safety assessment method. R&D is also planned on 


implementing those measures. It will also mean developing 
technologies 


ng 

R&D on a centrifuge separator. It will also include disman- 
tling centrifuges which have completed their useful opera- 
tion and trying to develop new processing technologies. 

It will also involve facilitating operation of enrichment 
plants by the private sector, doing on the commer- 
cialization of uranium enrichment, perfecting a reconver- 
sion storage system for spent uranium, and supporting 


breakthrough research on laser reactions. The Power 

Reactor and Nuclear Fuel Development Corp will also be 

working with the Institute of Physical and Chemical 
~ = ention tate. 


on UF6 conversion and reenrichment using MOX fuel as 
the base material. 


Promotion of Nuclear Fuel Recycle Processing 
Research 


9SFEOIOII Tokyo KAGAKU KOGYO NIPPO 
in Japanese 12 Oct 94 p 12 


[FBIS Translated Text] 


6. Steady Headway Made in Developing Nuclear Fuel 
Recycling Technologies 

In order for Japan, a country in resources, to 
Jet ty Fah 
essential that it look for ways to assure its energy security 
with a view toward the future. In order to do this, the 
following measures will be taken to develop the necessary 
technologies to develop a nuclear fuel recycling program 
and perfect a nuclear fuel recycling system for the future. 
(1) Nuclear Fuel Recycling Program 

1. Use of MOX Fuel 
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2. Spent Fuel Reprocessing 


at the PNC Tokai Plant and Plutonium 
Conversion Plant in order to pb. and perfect repro- 

pore gma Now = thes Bye nn = etn oe d 
by the Power Reactor and Nuclear Fuel Development 


Corp to develop a more advanced reprocessing technology. 


The Power Reactor and Nuclear Fuel Corp, in the mean- 
time, will be offering technical support in the form of the 
experience it gained building and operating the Tokai 
Reprocessing Plant to the construction of a privately-run 
reprocessing plant. It will also include developing the 
technologies for assuring environmental safety at large- 
scale reprocessing plants and putting in the necessary 
safeguards. 


It will also mean continuing previous work developing 
safety analysis codes and doing safety verification tests on 
a reprocessing plant, the using the NUCEF facility to 
develop technologies concerned with advanced repro- 
cessing methods. 


A further step will include building a variety of research 
facilities such as an all-weather-type simulator (provisional 
name) that can simulate various meteorological conditions 
in order to monitor the effect that radioactive material 
released from a large-scale reprocessing plant will have on 
the environment. Another step will be to perform safety 
verification tests on the containers used to transport high- 
burnup spent fuel. 


3. Storage and Management of Spent Fuel 

This measure will include developing technologies relating 
to the management of spent fuel, corroborating the 
methods used to store spent fuel within nuclear power 


plants, and doing research to come up with better storage 
methods for spent fuel in the future. 


4. MOX Fuel Processing 


This measure has to do with the manufacture of MOX fuel 
for light water reactors. It will involve subsidizing tests to 
substantiate a manufacturing technology for MOX fuel 
that can be used by both power water reactors and boiling 
water reactors in order to promote the domestic manufac- 
ture of such fuel. It also means the Power Reactor and 
Nuclear Fuel Development Corp will be continuing oper- 
ation of an MOX fuel manufacturing plant in order to 
develop an MOX fuel for the prototype “Fugen” advanced 
thermal reactor, and will be equipping an advanced 
thermal reactor fuel manufacturing plant with the equip- 
ment for manufacturing Fuel. It will also be developing 
new measures to cut down the amount of MOX powder 
that is left behind in the gloveboxes. 


5. Return Shipments of MOX Fuel 


This measure concerns the return shipments of MOX fuel 
in which the plutonium used was recovered under contrac- 
tual arrangement with overseas reprocessing plants. It will 
involve implementing the appropriate PR activities con- 
cerning the safety and the need to transport MOX fuel. 
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Achievement Through Fast Breeder Reactor 
Experiments 


95FE0101J Tokyo KAGAKU KOGYO NIPPO 
in Japanese 13 Oct 94 p 12 


{FBIS Translated Text] 
Developing the Technologies for Fuel Recycle System of 
the Future 


1. Development of Fast Breeder Reactor Technologies 


This measure concerns the development of fast breeder 
reactors. It will include performing rated operations of the 
irradiation core in the PNC’s experimental “Joyo” fast 
breeder reactor with a thermal output of 100,000 kW, and 
upgrading the reactor in order to improve the performance 
of the irradiation core with a view toward developing a 
high-burnup fuel. 


in order to certify the technical systems for plutonium use 
by a fast breeder reactor at the prototype stage, and at the 
same time to compile a record. The Monju 
Fast Breeder Reactor Research Center (provisional name) 
will also be developing systems in conjunction with the 
“Monju” reactor being put into operation, and working 
with the O-Arai Center, playing a central role 
in the development of the fast breeder reactor. It will also 
be involved in R&D on instrument systems, fuel, mate- 
rials, and safety. 

The Power Reactor and Nuclear Fuel Development Corp 
and electric power companies will be working with each 
other to develop a demonstration fast breeder reactor, but 
it will be the Power Reactor and Nuclear Fuel Develop- 
ment Corp that will do the preliminary comprehensive 
reactor coolant system test and structural reliability test on 
plant equipment in order to ascertain the characteristics of 
the coolant system from the upper part of the reactor. It 
pant a nap ae aay Oe gehrgemaaay 
concerning large-scale structural design. 


2. Development of Reprocessing and Fuel Manufacturing 
Technologies 


In order to perfect a technology for reprocessing the spent 
fuel of the fast breeder reactor, the Power Reactor and 
Nuclear Fuel Development Corp will be doing the needed 
R&D to build a recycling equipment test plant (RETP) to 
a ae ae Cape ee 
actual reactor. 


In order to develop an MOX fuel for use in the “Joyo” and 
“Monju” fast breeder reactors, the Power Reactor and 
Nuclear Fuel Development Corp will be continuing oper- 
ation of the MOX fuel manufacturing facility. 


3. R&D on Advanced Nuclear Fuel Recycling Technology 


This measure concerns the R&D to be done on advanced 
recycling methods such as actinide ing, which are 
expected to help with nuclear non- proliferation, in 
reducing the environmental burden associated with the 
disposal of high-level radioactive waste. The Power 
Reactor and Nuclear Fuel Development Corp will be 
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orhenting 0 waslaly of Chan putea whith wil RAD 
combustion methods involving new core designs and 
foe! containing 


actinides, a separation-recovery repro- 
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controlled method of manufacturing fuel containing 
actinides. It will also include RAD on a metallic fuel 


recycling system and R&D on a nitride fuel. 


Various Waste Treatments 
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{FBIS Translated Text] 
Promotion of Backend Measures 


In light of the development of nuclear power and commer- 
cialization of nuclear fuel recycling, it is becoming more 
oF capt Seiass to oueip exons Sy eaaing 00 


facilities, not to mention the facilities themseives that treat 
and dispose of waste. These measures are referred to 
ey Gee See Se ees eee 
measures is the most important problem remaining to 
ee eee 
of having a conforming nuclear power plant system. 


(1) Treatment and Disposal of Radioactive Waste 


A basic policy for dealing with radioactive waste will be 
ted based on the characteristics of the 


doing experimental research on assess the safety of power 
plant waste disposed on land, included in which is an 
environmental simulation test that will use a computer to 
investigate the migration of radioactive waste in the envi- 
ronment. It will also include developing a plan to bury 
plant waste from private nuclear companies in the 
of Rokkasho in Aomori Prefecture, and ccatinuing 

verification tests. It will also involve pre- 
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[FBIS Translated Text] 
Treatment and Disposal of Cycle Waste 


The radioactive waste (cycle waste) that is 
nuclear fuel cycle related facilities such as 


HEE 
- 
ii 
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; 
: 
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alias aie 
hn ea a, HA 
in the town of Horonome in Hokkaido, and on the storage 
of high-level radioactive waste at the Storage Engineering 
Center. It will also include conceptual 
oo ee Se a Os See oS Saas © 
deepen the understanding of local residents. 


The Japan Atomic Energy Research Institute will continue 
safety assessment tests on the treat- 
radioactive waste, and 


— wk ath he 


doing research on 
tinuing work with the to 

gating abilities of natural barriers used in the uranium 
mining in Australia. 
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doing safety verification tests on treatment processes such 

as vitrification of radioactive waste containing TRU 

elements. 

Further activities will include taking the necessary 

sures to facilitate the return shipment of waste being sent 

back to Japan as spent fuel for reprocessing. 

=, CRNES GES Seipees ef OS Wate ane Setemtny 
aste 

This measure applies to radioactive waste generated by 

facilities that use radioactive isotopes (RI waste) and waste 


T Based on New 
ay ee — on Long 
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{FBIS Translated Text] 

Abandoning Nuclear Facilities 

This measure concerns the period of time allotted before 
retiring a commercial nuclear reactor. It will involve the 
use of the JAERI power demonstration reactor (JPDR) as 
a model to test the dismantling of a reactor in order to 
promote development of a nuclear reactor dismantling 
technology and develop a more advanced method for 
dismantling reactors. It will also involve doing tests to 
corroborate the equipment used for retiring commercial 
nuclear power plant reactors, as well as a research study on 
extending the useful life of nuclear facilities. The Japan 
Atomic Energy Research Institute will be doing a research 
study on dismantling nuclear fuel facilities, and will be 
using a reprocessing test facility to develop the technolo- 
gies needed for dismantling reprocessing facilities. The 
Power Reactor and Nuclear Fuel Development Corp will 
also be developing element technologies for dismantling 
nuclear fuel facilities. 


Technology and Stepping Up Fundamental Research 
(1) Key Technology Development and Fundamental 


with the advances and as Cotas OS snes 
is promoting the 

ment of key logics ‘a which ical break- 

are to have a major impact on the 


The Japan Atomic Energy Research Institute will also be 
ion methods, ana- 
ysis by neutron scattering, whereas the Power Reactor and 





This report may contain copyrighted material. Copying and dissemination 
is prohibited without permission of the copyright owners. 











oO NUCLEAR TECHNOLOGIES 


Nuclear Fuel Development Corp will be doing surveys on 
uses of new superconduction methods in the nuclear field. 


The national research laboratories will also be doing fun- 
damental research on nuclear fusion, safety research, and 
radiation application fields. 


Investigation of Thermal Energy Systems 
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{FBIS Translated Text} 


R&D on Production of Nuclear Energy and Expansion of 
Nuclear Applications 


1. R&D on New Nuclear Power Concepts 


The Japan Atomic Energy Research Institute will be con- 
ducting R&D to try to develop a more advanced light 
water reactor. This will include R&D on cooling and scram 
functions during failure of a reactor with improved passive 
safety features, and R&D on fuels with the aim of dis- 
posing of spent fuel, wherein which plutonium was nearly 
perfectly combusted, as a safe product for direct disposal. 


2. R&D on a New Fuel Recycle System Concepts 


The Japan Atomic Energy Research Institute will be con- 
ducting R&D on reprocessing technology. This will include 
doing research on a more advanced wet process including 
development of a new extractant, and R&D on a dry 
process such as the hot chemical method. It will also 
include doing research on group separation and decay 
cooling with an eye toward converting high-level radioac- 
tive waste into a useful resource and trying to improve 
disposal efficiency, and also using a nuclear reactor or 
heavy-duty proton accelerator in research on shortening 
the life of long-lived nuclides and making them non- 
radioactive. Additional R&D will be done on ways to 
comprehensively study and evaluate energy supply and 
demand from the perspective of resource problems, global 
environmental problems, and economics. 


3. High-Temperature Engineering Test Research 


The Japan Atomic Energy Research Institute will be 
building a high- temperature test reactor (HTTR) which it 
hopes to make critical by 1998. The HTTR is a core 
research facility for doing advanced and fundamental 
research on high-temperature engineering and high- 
temperature gas reactors which have a number of out- 
standing characteristics such as a high-temperature heat 
supply, high thermal efficiency, and high built-in safety. In 
1995, it will begin work on various facilities including 
the fuel handling and storage facilities, weight control 
facilities, and plant auxiliary facilities. 

It will also be performing preliminary tests as part of 
advanced fundamental research on high-temperature engi- 
neering to be implemented in the HTTR in the future, and 
doing a study on a system for utilizing nuclear thermal 
energy starting with the manufacture of hydrogen. The 
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Japan Atomic Energy Research Institute will also be taking 
part in an IAEA sponsored research project to design and 
evaluate a HTTR thermal utilization system, and will 
be playing an active role in developing international 
cooperation. 


4. R&D on Nuclear Ships 


A number of different steps are going to be taken to 
decommission the nuclear ship “Mutsu”. This will include 
cutting up the reactor compartment and constructing a 
storage facility for the reactor. It will also mean creating a 
database from the knowledge and experiences gained 
through sea trials of the ship, and used this for simulation 
4 in continuing research to develop nuclear ships in 
e future. 


The R&D will also include doing general marine-related 
research at the spot where the Mutsu sits (ship reactor 
research and marine environmental research). 


Promotion of Radiation Medical Research 
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[FBIS Translated Text] 
R&D on Radiation 


The research to be done on radiation uses will cover a 
number of fields. In the medical field, it will include 
research on radiation use in diagnosing illness, and in 
treating cancer by heavy particle beams. In the engineering 
field, it will include R&D on radiation chemistry, and in 
the agriculiural, forestry, and fisheries fields, it will include 
R&D on radiation breeding. As part of that work, the 
National Institute of Radiological Sciences will be con- 
tinuing its research using a cyclotron to study cancer 
treatment methods involving a fast neutron beam and 
proton beam. It will also be doing further research on the 
heavy particle project which is designed to facilitate clin- 
ical trials regarding a method of treating cancer by heavy 
particle beams, which is expected to produce significantly 
better results than conventional radiation because it kills 
more cancer cells and produces less tissue damage, and 
also to facilitate research on a treatment plan method and 
diagnostic method. It will also be installing a heavy particle 
beam cancer treatment facility to cope with the increase in 
the number of patients participating in clinical trials. A 
center to promote heavy particle beam cancer treatment is 
also being planned in order to provide more information 
and improve heavy particle beam cancer treatments. The 
institute will also be initiating group research to tackle 
advanced research brought on by developments in the 
radiological field. This will include analytical research on 
genetic information and the effects that radiation has on 
the human genome, as well as research on the biological 
effects of space radiation. In addition to this, it will also be 
doing R&D on the use of positron emissions in diagnosing 
illness and developing an imaging diagnostic technology 
based on short-lived radioactive isotopes. 
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The Japan Atomic Energy Research Institute will be taking 
part in research related to radiation chemistry, and pro- 
moting the production and use of radioactive isotopes. In 
addition, it will be building an ion irradiation research 
facility in order to do R&D on radiation-resistant environ- 
mental limiting materials and functional materials using 
different types of heavy particle beams, to develop revo- 
lutionary new materials in the life sciences field, and to 
research advanced radiation uses that are attracting a lot of 
interest from researchers in government, industry, and 
academia. It will also continue doing research on the 
development of technologies which employ an electron 
beam, and promoting the use radiation in environmental 
preservation. 


Using an AVF-type injector and linear accelerator as the 
initial accelerator and a ring cyclotron as the main heavy 
ionographic accelerator, the Institute of Physical and 
Chemical Research will be undertaking general research on 
heavy ionography across a wide range of fields including 
nuclear, atomic, and elemental physics. As a part of the 
general research on heavy ionography, the institute will be 
conducting joint research with the Rutherford Research 
Laboratory in the U.K. concerning muons, and joint 
research with the Brookhaven National Laboratory in the 
U.S. on spin polarized heavy ions. The institute will also 
be undertaking research on a high-intensity RI beam with 
a view toward elevating the level of general research on 


heavy ionography. 


The Japan Atomic Energy Research Institute and the 
Institute of Physical and Chemical Research will also have 
made an official announcement in June 1994 that 
researchers from their respective institutes will be 5 
together on the equipment and uses for the SPring- 
radiation facility which is expected to form the 
base of research in the field of nuclear energy in the future. 
This will include continuing work to manufacture the 
accelerator equipment and construct buildings. It will also 
include building an environment that will support users of 
the facility both in terms of information support and 
technical support. The two institutes will be working 
to build the beam lines for joint use by researchers 
from inside and outside Japan, and will be starting to 
perform tests on the linear accelerator with the hopes of 
having a part of that ready for joint use by 1997. 


The national research laboratories will be conducting a 
variety of research in this area. This will include research 
being done by the Electrotechnical Laboratory on radia- 
tion standards and diagnosing illness by means of radio- 
active isotopes, research by the Ministry of Agriculture, 
Forestry, and Fisheries research labs on breeding by radi- 
ation and physiological ecology using tracers; research at 
national medical labs on the irradiation of foods; and 
finally, research at national environmental labs on eluci- 
dating the mechanism by which the environmental is 
affected by radioactive isotopes and then coming up with 
measures to deal with that phenomenon. 
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Promotion of ITER Joint Design 
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[FBIS Translated Text] 
Fusion R&D 


The research on nuclear fusion will be done at universities 
and through international cooperation with other coun- 
tries. The Japan Atomic Energy Research Institute will be 
doing large-scale R&D using the Tokamak method, and 
the national research laboratories will be working on basic 
technologies. 


The R&D on nuclear fusion will include Japan playing a 
role in the international thermonuclear experimental 
reactor (ITER) project which is being developed through 
the cooperation of Japan, the United States, the EU, and 
Russia. The Japan Atomic Energy Research Institute will 
be taking part in the engineering design activities, and 
playing an active role in design work as part of a joint core 
team set up by Japan, the United States, and the EU. 
Specifically, it will involve designing the vacuum vessel 
instruments and equipment which is the area that Japan 
was assigned as a member of the core team. It will also be 
playing what should be a steadily active role in the engi- 
neering and physics R&D required for engineering design 
activities. Further work will include doing a preliminary 
survey to assess the site environment of the ITER. 


The Japan Atomic Energy Research Institute will also be 
conducting experiments to see if it can improve the plasma 
performance of the JT-60 critical plasma test device which set 
a new world record for plasma and central ion temperatures. 


It will also be doing research on non-circular longitudinal 
torus plasma using the high-powered Tokamak fusion 
torus test device (JFT-2M). Along with that, it will be 
doing R&D on the safety of fusion reactors starting with 
tritium handling methods and reactor engineering technol- 
ogies such as plasma heating and superconducting magnet 
technologies. 


The Electrotechnical Laboratory will be trying to improve 
plasma performance by conducting experiments using a 
reverse-magnetic pinch-type nuclear fusion device to 
research high beta-plasma. Additional research will 
include R&D on metallic materials and fundamental 
research on materials associated with nuclear fusion at the 
government industrial research institute in Nagoya. 


There will be bilateral cooperative research done with 
various countries. The joint research with the US. will 
include joint experiments using the Doublet-III of the 
U. S. joint irradiation research on fusion materials, safety 
research having to do with the handling of tritium, and 
research on new plasma heating methods. The joint 
research with the EC will include research on plasma- 
paired materials based on an EC-Japan fusion cooperation 
agreement. Japan will also be participating in multilateral 
research under the auspices of the Organization for Eco- 
nomic Cooperation and Development and International 
Energy Agency (OECD/IEA). This will involve research on 
a large-scale Tokamak system involving the TFTR of the 
United States, the JET of the EC, and the JT-60 of Japan. 
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International Cooperation include trying to improve the level of safety in each of 
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9. Promotion of International Cooperation 

This measure has to do with Japan taking an active role in 
international cooperation and maintaining nuclear non- 
proliferation concerning the peaceful use of nuclear power, 
and while recognizing the need for safety assuredness, 
taking an active role in international contribution. 

(1) Bilateral and Multilateral Cooperation 


The cooperative research to be done with advanced coun- 
tries involve both bilateral and multilateral agreements 
with countries such as the United States, Germany, 
France, England, and Canada. It will include safety 
research on nuclear reactors, and R&D in a number of 
areas including advanced power reactors, high- 
temperature gas reactor, nuclear fusion, radioactive waste 
treatment and disposal, and discarding reactors. In order 
to further strengthen nuclear regulations, Japan will be 
exchanging information with countries such as the United 
States, France, Germany, the former Soviet Union, and 
China. The Power Reactor and Nuclear Fuel Development 
Corp will be expanding its international special researcher 
program with the aim of promoting a greater exchange of 
information on fast breeder reactor recycling. 


The cooperative research to be done with developing 
countries will include inviting prominent figures and other 
specialists associated with the nuclear field to Japan, 
sending technical advisers to developing countries, 
training management personnel working in the nuclear 
field, registering and sending nuclear power experts and 
mediators, collecting and presenting information related 
to developing countries, and sending Japanese researchers 
to developing countries. It will also include beefing up and 
strengthening the system of inviting nuclear researchers 
from developing countries to national research institutes 
in Japan. 


A survey will also be done on the radiation effects from the 
fallout of the Chernobyl nuclear disaster. It will also mean 
continued cooperation in fields such as RI radiation use 
based on regional IAEA coopeiation agreements con- 
cerning research, development, and training in nuclear 
science and technology. 


It will also include expanding the research being done on 
nuclear safety assurances for those working in the nuclear 
power industry in neighboring Asian countries, the former 
Soviet Union, and Central and Eastern Europe. It will also 


improvements to increase the level of safety such as using 
malfunction detection systems; training operators of 
nuclear power plants by plant operation simulators; and 
monitoring safety concerning reactor abandonment. 


It will also include cooperative research through nuclear 
safety grants provided by the European Redevelopment 
Bank. It will also involve cooperating in the International 
Science and T Center established for the purpose 
preventing the spread of nuclear weapon related technologies. 
(2) Cooperation with Neighboring Asian Countries 

This research has to do with solving problems which are 
shared by neighboring Asian countries in the field of 
nuclear power, ¢.g. radiation uses, reactor uses, safety 
assurance measures, and treatment and disposal of radio- 
active waste. It will mean cooperating as a unified region 
from the standpoint of making effective and efficient use 
of the limited R&D resources that exist, and applying 
those resources in a fair and exact manner to meet indi- 
vidual requests. It will include continuing the dialogue 
between those drafting nuclear policies in neighboring 
Asian countries, and doing a study on safety assuredness 
and nuclear non-proliferation. 


(3) Contributing to International Organizations 


This measure has to do with making improvements in the 
safeguard system for the IAEA, and taking an active role in 
studies on the framework of nuclear international cooper- 
ation that is being carried out primarily by the IAEA. 


It will mean being an active contributor to international 

nizations such as the IAEA and the OECD/NEA. This 
will include revising nuclear reactor safety standards, 
instituting radioactive waste safety standards, surveying 
radioactivity in the ocean for the IAEA, taking part in 
information exchange conferences on nuclide separation 
and decay cooling technologies for the OECD/NEA. It will 
also include trying to elicit understanding among interna- 
tional companies over Japan’s nuclear activities. 


(4) Preparing a Domestic Environment for International 
Cooperation 


In order to facilitate activities with other countries, this 
measure will include building facilities to house the 
growing number of researchers from other countries, cre- 
ating a system for accepting researchers from other coun- 
tries, and providing training and development for those 
with proven international talents. 
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{FBIS Translated Text] 

10. Personnel Training 

In order to bolster the assurance of safety even further in 


the nuclear power field and promote the steady growth of . 


advanced nuclear technologies, it is essential that an effort 
be made to train and maintain skilled professionals who 
can achieve that aim. What is required is a plan to provide 
the training and ensure a corps of nuclear researchers and 
engineers by having the private sector, such as universities, 
step in and assume the principle role of providing the 
skilled training needed. 


In order to accomplish that, the JAEC will be taking 
measures to support those activities, and will be promoting 
a variety of training activities in addition to training and 
ensuring talented personnel in government-related R&D 
institutes. 


(1) Providing Youth with Learning Opportunities in 
Nuclear Energy 


This measure will involve sponsoring nuclear power- 
related exhibits that contribute to promoting under- 
standing of nuclear science and technology, disseminating 
information about nuclear power by setting up informa- 
tion centers throughout the country, and training the 
leaders of regional science centers. 


It will also include holding seminars featuring experiments 
on nuclear science and technology. 


(2) Assuring Links Between R&D Organizations 


This measure is designed to promote links between related 
Organizations in terms of nurturing talented individuals, 
e.g. creating more opportunities for students to make use 
of the research facilities and equipment found at govern- 
ment-related R&D organizations. 


(3) Implementing Training for Nuclear Researchers and 
Engineers 


This measure will involve providing aid to cities, towns, 
and prefectu.es who provide training to people working at 
jobs that have to do with assuring the safety of nuclear 
power plants and large-scale reprocessing facilities. It will 
include training people working at local public entities for 
the purpose of reinforcing fire-prevention measures, main- 
taining and improving the technical knowhow regarding 
environmental radiation analysis, improving the ability to 
deal with the safety of large-scale reprocessing facilities, 
and guaranteeing safeguards and peaceful use of nuclear 
energy. It also mean continuing the training programs at 
the JAERI Nuclear Power Training Center and at the 
National Institute of Radiological Sciences. An effort will 
also be made to improve the quality of nuclear power plant 
operators by instituting a long-term training program and 
qualification system. 


In terms of internationalizing nuclear R&D, it will also 
mean making an effort to accept researchers and engineers 
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from advanced countries, and to nurture individuals with 
special proven international skills. 

500 Billion Yen for FY95 Budget 
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{FBIS Translated Text} 
III. Overview of Budget Estimates 


The total outlay required to implement the aforemen- 
tioned nuclear power related measures in FY95 is esti- 
mated to be about 494 billion (general account: 204 billion; 
special account for promoting electric power development: 
290 billion), and the National Treasury legal liability limit 
is estimated to be about 83.3 billion (general account: 37.5 
billion; special account for promoting electric power devel- 
opment: 45.6 billion). 


Below, we provide an overview of the estimated expenses 
for the main R&D organizations. 


1. Japan Atomic Energy Research Institute 


The total operating expenses of the Japan Atomic Energy 
Research Institute is approximately 126.9 billion, and the 
required government outlay is about 111.3 billion 
(National Treasury limit: 18.6 billion). The additional 
manpower needed is 43. 


Of that amount, the required outlay for engineering safety 
research and environmental safety research is approxi- 
mately 7.1 billion (National Treasury limit: 560 million), 
and the additional manpower needed is 7. The required 
outlay for R&D on nuclear fusion is 22.1 billion (National 
Treasury limit: 380 million), and the additional manpower 
needed is 10. The required outlay for high-temperature 
engineering test research is 14.0 billion (National Treasury 
limit: 9.1 billion), and the additional manpower needed is 
1. The required outlay for general research on advanced 
radiation uses is 30.1 billion (National Treasury limit: 8.6 
billion), and the additional manpower needed is 25. The 
required outlay for R&D on nuclear ships is 3.8 billion. 


2. Power Reactor and Nuclear Fuel Development 
Corporation 


The total operating expenses of the Power Reactor and 
Nuclear Fuel Development Corporation is approximately 
220.9 billion. The required government outlay is about 
156.0 billion (general account: 51.2 billion; special account 
for promoting electric power development: 104.8 billion), 
and the National Treasury limit is 50.2 billion (general 
account: 4.4 billion; special account for promoting electric 
power development: 45.8 billion). The additional man- 
power needed is 25. 


Of that amount, the required outlay for the development of 
the fast breeder reactor and the advanced thermal reactor 
is approximately 126.5 billion, and the required 

ment outlay is approximately 109.5 billion (National Trea- 
sury limit: 47.1 billion), and the additional manpower 
needed is 20. The total outlay required for the develop- 
ment of uranium enrichment technology and nuclear fuel 
development, e.g. mining development, is 29.0 billion, and 
the government outlay required is approximately 16.6 
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billion (government secured loans: 600 million, National 
Treasury limit: 1.5 billion), and the additional manpower 
needed is 3. The total government outlay required for the 
operation of reprocessing facilities is 29.9 billion (govern- 
ment-secured loans: 14.9 billion, National Treasury limit: 
1.7 billion), and the additional manpower needed is 23. 


3. National Institute of Radiological Sciences 


The total outlay required for biological surveys and genetic 
information research on medical uses for heavy particle 
beams and harmful effects of radiation exposure, for pro- 
moting more research on radiation uses in medicine 
including group research project on space environmental 
bio-medicine, and for the heavy particle beam cancer treat- 
ment system comes to 14.5 billion (National Treasury limit: 
3.0 billion), and the additional manpower needed is 3. 
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4. National Research Laboratories 


The outlay required for key technology research, ge 
ee ee ae 
safety research, food product irradiation, environmental 
research, and cancer research comes to approximately 2.3 
billion. 

5. The Institute of Physical and Chemical Research 


The outlay required for general heavy ionographic research 
(research on muons e.g.), for R&D on nuclear short-wave 
lasers, for development of key technologies (developing a 
decentralized coordinated intelligence system for autono- 
mous plants e.g.), for construction of a large-scale radiation 
facility (SPring-8), and for nuclear research on uranium 
isotope separation and enrichment comes to 15.0 billion 
(National Treasury limit: 15.0 billion). 
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AIST Develops New Micromachine That Functions 
as Electron Gun 
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[FBIS Translated Text] Ito Junshi, Research Director of the 
Agency of Industrial Science and T. s Electron 
———— 
small convergence electron gun, with a size on the order of 
micrometers. The development is a part of MITI’s microma- 
chine re By establishing a new LSI production tech- 
nology to grow the thin-film insulating layer, it is now 
possible for the first time to combine into one part the field 
emission emitter, focusing electrode, and gate electrode. In 
this way, a subminiature electron gun can be achieved. The 


manner to form an array, thereby 


develop an ultra-fine flat panel anlay. 
definition of current cathode ray tubes. A wide range of other 


applications is also anticipated, such as in ultra-fine fabrica- 
tion technologies for micromachines, in magnetic sensors, 
and in next-generation mass spectrometers. 
The subminiature electron gun is produced by dry etching 
a silicon single-crystal substrate, creating a field emission 
emitter with a sharp tip, and then producing, consecutively 
by vacuum deposition, a silicon dioxide insulating layer, 
te electrode, and two control electrodes which serve as 
ocusing electrodes (both of which are niobium). Conven- 
tional electron guns are made from a hairpin-type heating 
filament that is several millimeters in size, and a control 
electrode that is about one centimeter long. Therefore, one 
electron gun device is several centimeters in size, which is 
rather large. On the other hand, use of the field emission 
emitter and components created by LSI production tech- 
niques makes it possible to reduce size to the micrometer 
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levei. Establishment of a new vapor deposition technique 
to grow SiO, thin-film insulating layers makes it possible 
to produce an ultra-small electron gun that is on the order 
of five square micrometers. 


As for the SiO, thin-film formation technique, SiO is used 
in place of the conventional quartz vapor source. This is 
— 
onto the substrate. At that time, a fixed concentration of 
ozone gas is added and the SiO, film is filmed by accumu- 
lation. In this way, properties which rival those of bulk 
SiO, can be obtained, and insulating performance can be 
greatly improved. 


Large arrays can be created by arranging 100 electron guns 
5 square micrometers in size in a 10 x 10 two-dimensional 
configuration. In addition to the emission of electrons, it 
has been confirmed that the electron beam diameter can be 
adjusted freely from thin to thick by controlling the lens 
electrode voltage. 


Development of the new ultra-small focusing electron gun 
makes it possible to create an ultra-thin (2-3mm) ape 
display which can reproduce an image with greater defini- 
tion than current CRTs and without smearing, by using 
multiple beams in a large array. Other possible applications 
include process for micromachines, observa- 
tion and inspection devices, lithography, material lamina- 
ion, etching, and bonding, as well as for magnetic sensors, 
vacuum sensors, and next-generation spectrometers. 


Mr. Junshi Ito, Research Director, plans to pursue 
research efforts which will further decrease the size, and 
reports that use of a new stepper which is scheduled to go 
into operation in September 1994, will make it possible to 
reduce the gate diameter by half. Other research efforts will 
focus on improving brightness. 








This report may contain copyrighted material. Copying and dissemination 
is prohibited without permission of the copyright owners. 

















70 SUPERCONDUCTIVITY 


—* Technique for Improvement of Image Quality 
95FE0036A Tokyo TOSHIBA REBYU in Japanese 
Vol 49 No 8, Aug 94 pp 587-590 


[Article by Shoichi Kanayama and Shigehide Kuhara: “In 
Vivo Magnetic Field Measurement for MRI} | 
[FBIS Translated Text] We developed a new static mag- 
netic field measurement and automatic field homogeneity 
Sunes Seen teeing Tee magneto sseanaee 
technique—called 


imaging (MRI). This double echo dif- 
ferential phase mapping—can rapidly and accurately mea- 
sure a static ic field distribution and improve the 


field homogeneity, reducing the time required for mea- 
surement to less than half that of conventional methods. 
We performed in vivo field measurements ahd 

for the head and abdomen. field inhomoge- 
neities ranged from 3 to 7 ppm, and the fields exhibited 
sharp local variations around complicated air and tissue 
boundaries such as in the ears, nose, mouth, and heart. 
After shimming, the range of field homogeneity improved 
by a few ppm. 


It is expected that this technique will improve the image 
Ss Se 8 Sn 8 eS ee the detection 
of susceptibility changes caused by such disorders as 
hemorrhage and calcification. 


1. Introduction 

MRI is a medical imaging and diagnostic system which 
utilizes the magnetic resonance phenomenon of atomic 
nucleii to obtain information on morph , function, 
and metabolism, without harming the body. Compared to 
ultrasonic diagnostic equipment and X-ray CT (computed 
tomography), MRI can image such soft tissue as the brain 
and muscle with high contrast, thus performing well in 
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Figure 1. MRI System Configuration: This system applies a strong static magnetic field, a tilted magnetic field that exhibits 
spatially uniform tilt, and a high-frequency VHF (super-short-wave) magnetic field and detects magnetic resonance signals. 


Key: 1. Static magnetic field adjustment coil; 2. Superconducting magnet; 3. Tilted magnetic field coil; 4. Power supply 
for static magnetic field adjustment; 5. Power supply for tilted magnetic field; 6. Bed; 7. High- frequency coil; 8. 


High-frequency trans 
Console; 12. Video display 


uency transmitter system; 9. High-frequency receiver system; 10. Processing and control system; 11. 
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be investigated prior to arriving at the 
a performance at system installation time. 
However, the uneven magnetic fields induced when a 
human body is placed in the static magnetic field is on the 
ppm order in size, and they differ depending on the patient 
and the examination site, making it necessary to measure 


tions in the body, and of static magnetic field uniformity 
adjustment, we confirmed the usefulness of this approach. 


(1) LIPLYAAsery 
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With MRI, using the fact that the frequency of magnetic 


imaging (CSI), while those using phase changes 

phase sensitized imaging (PSI). In Figure 2 is set forth 
— bs Ge Ol eohed femme nd eon 
measurement. 


With the PSI method, the magnetic field distribution is 
having different AT values, where AT is the time (echo 
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Figure 2. Conventional Magnetic Field Measurement Method: Magnetic field distributions are obtained from the 
Ce ee eee 


Key: 1. Reference scan; 2. Phase shift scan; 3. Repeat time TR; 4. Echo time; 5. High-frequency magnetic field; 6. Slice 
tilted magnetic field; 7. Read-out tilted magnetic field; 8. Phase encoded tilted magnetic field; 9. Magnetic resonance 
signal; 10. Echo signal; | 1. Data collection; 12. Image reconfiguration process; 13. Phase differential process; 14. Phase 
differential image; 15. Magnetic field distribution calculation process, 16. Magnetic field distribution 
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Figure 3. Pulse Sequence in Double-Echo Differential Phase The read-out tilted magnetic field Gr is 


subjected to positive-negative reciprocal switching, and in one photographing two phase images having different echo 
simultaneously. 


times are obtained 


Key: 1. Repeat time TR; 2. High-frequency magnetic field; 3. Slice tilted magnetic field; 4. Read-out tilted magnetic 
field; 5. Phase-encoded tilted magnetic field; 6. First echo signal; 7. Third echo signal; 8. Magnetic resonance signal; 


9. Data accumulation 1; 10. Data accumulation 2. 





(1) AH(i,j,k) = Aj, kW(yOT) 


> Se Sa >) 
nuclear species being measured. 


ee emanate td bamennciy eles 


The magnetic field distribution measurement conditions are 
listed in Table 1. In the measurement, we used Toshiba's 
MRI system MRT-200/RX. For the data processing we used 
the engineering work station AS4370. The 3D magnetic 
field distribution measurement and static magnetic field 
homogeneity adjustment ¢an be done in under 2.5 minutes. 
Also, the static magnetic field adjusting coil used this time 


cal of 18 components (hid ender or lower componests 


A is fifth-order main components). 





Table 1. Specifications fer Magnetic Field Distribution 
Measurement 


Static magnetic field strength 1.5T 
Echo signal interval AT 4.8 ms 
Measurement time 102.48 
Data processing time 45.08 
Matrix size 128 x 128 x 16 
Spatial resolution 3x32%5(mm) 
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Figure 4. Magnetic Field Distributions in Head Axial Plane: Prior to adjustment, the magnetic field is confused in 
areas where air and tissue are complex, as in nasal and ear passages. After adjustment, however, the magnetic field 
homogeneity is improved. Inhomogeneities exceeding +/-2 ppm are represented in red or blue. 


Key: 1. Magnetic field homogeneity (ppm); 2. (a) Before magnetic field homogeneity adjustment, 3. (b) After magnetic 
field homogeneity adjustment 





3. In Vivo Static 
Measurement and 


ic Field Distribution 
omogencity Adjustment 


spherical 

the magnetic field homogeneity. The post-adjustment inho- 
mogeneities inside a spherical surface 250mm in diameter 
had a peak-to-peak value of | ppm or less. 

The cranial cross-sectional (X-Y plane) magnetic field dis- 
tributions are shown in Figure 4. The cross-section position 


ppm. ’ 
the vicinity of 

and ear passages. This, as noted in Table 2, is due to the fact 
that the magnetization difference between tissue (almost the 
same as for water) and air is very large as compared to the 


between tissue and bone, or between tissue of 


different magnetization. 





Table 2. Magnetic Susceptibilities With Respect to Air 














Substance Magnetization (ppm x cm”) 
Aw 0 

Water (soft tissue) -9.05 

Bone 8.86 








On the other hand, there is almost no confusion in the 
magnetic field at the tissue-bone boundaries or inside the 
cranial matter. Furthermore, overall, the even-order com- 
ponents in the x-axis direction are largely induced, but this 


In Figure 5 is shown a 
cross- section (Y-Z plane) in a human cra- 


confusion is seen in 
the nasal and ear passages, and in the neck region, as with 


sappeared, and the magnetic 
neity was improved in the cross-section to about 4 ppm. 


Next, in Figures 6 and 7, we show magnetic field distribu- 
tions of arrow- shaped sections and lateral cross-sections of 


human abdominal The cross-section in Fi 6 
includes the liver and while the arrow- 
section in Figure 7 includes the spine. The inhomogenous 


region localized on the left and right in Figure 
The portion localized at the top of Figure 7 is the heart. 
In the lateral cross-section of Figure 6, the magnetic field 
homogeneity in the cross-section before magnetic field 
Seeneay Speen) Se = ope S 0, cones Se 
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Figure 5. Magnetic Field Distributions in Head Sagittal Plame: Inhomogencities induced by the haman body reached a 
maximum at 7 ppm. Odd-order components are induced overall in the Y-axis and Z-axis directions. The inhomeogenoes 
magnetic fields exceeding +/-3 ppm are shown in red or blue. 


Key: 1. Magnetic field homogeneity (ppm); 2. (a) Before magnetic field homogeneity adjustment; 3. (b) After magnetic 
field homogeneity adjustment 
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Figure 6. Magnetic Field Distributions in Abdominal Axial Plane: Almost no inhomogenous magnetic fields are 
induced dependent on abdominal organs. 
Key: 1. Magnetic field homogeneity (ppm); 2. (a) Before magnetic field homogeneity adjustment; 3. (b) After magnetic 
field homogeneity adjustment 


























= (2).) wen—temen (3)(>) wen—emea 
-V 


Figure 7. Magnetic Field Distributions in Abdominal Sagittal Plane: The magnetic field is confused in the chest 
cavity and pelvic region. Overall, inhomogenous components are induced in the Z-axis direction. 
Key: 1. Magnetic field homogeneity (ppm); 2. (a) Before magnetic field homogeneity adjustment; 3. (b) After magnetic 
field homogeneity adjustment 
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6 ppm. In particular, the magnetic field is greatly disturbed ic fields remained even after mag- 

at the chest cavity boundary and in the pelvic region, and, _ netic field homogeneity adjustment due to the complex 
all, inhot eaaguats iis Gas tateaed & Gs magnetic field distributions there. 

neity, the i By adjusting SS — In this research, in order to study magnetic field distribu- 

Z-axis direction were reduced, and in the cross-sections the 1085 im vivo, we made measurements with high spatial 

magnetic field homogeneity was improved to about 4 ppm. resolution. However, when limited to magnetic field 


eceeimars nts © Wa Hee canta Ge Oat ee 


We have discussed here high-speed magnetic field distri- 
bution measurement using the double-echo phase differ- 
ential method, together with in vivo static 

netic field distribution and static magnetic field 
homogeneity adjustment. Using this approach, we were 
able to measure in vivo magnetic field distributions with 
-_ precision in half the conventional photographing 


— — 
near the eyeballs, in ear and throat regions, in the heart and 
other areas near the chest cavity, and in areas where the 
air-tissue ony. +: is complex, such as in the a 
region, where inhomogenous magnetic fields of up to 7 
ppm ae induced. Furthermore, wing magnetic 
distribution information, we performed in vivo static 
magnetic field ity adjustments, and improved 
the static magnetic homogeneity in the head and 
abdominal regions to between 2 and 3 ppm, thus verifying 
the effectiveness of our approach. Also, in regions where 
air and tissue are mixed up in complex ways, localized 


method to be effective in diagnosing these diseases also. 
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MITI To Propese Expansion of Bilateral Industrial 
Technology Cooperation 


95P60078 Tokyo NIKKAN KOGYO SHIMBUN 
in Japanese 1 Jan 95 p 1 


Industry (MITT) to propose an expansion of its 
— ieiestried technol on with Si 
and Malaysia to “trilateral i 


order io promote industrial cooperation in the 
region. MITI was seeking a new proposal for technology 
transfer to submit at an ministerial level APEC 
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Cable TV Association’s Full-Service Network 
Committee Te Start Experiments This Year 
94FE0889A Tokyo NIKKAN KOGYO SHIMBUN 
in Japanese 18 Aug 94 p 9 
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CATV network in the U.K. with IDC’s and other compa- 


















































Majer Full-Service Experimental Projects 
( emte st of experimen’ CATV network to be used ( cempemses Leveled 
Personal computer communications Tokyu Cable Television —Nissho Iwai, Nifty, U.S. Computer Service, cic. 
Kintetsu Cable Network —NEC (PC-VAN), etc. 
Telephone/data communications, etc. Tokyu Cable Television —TTNet, Mitsubishi Corp., Mitsui&Co., 
Tokyu Dentetsu, Toden, etc. 
—KDD 

Tokyo Cable Network —Hitachi, Kadenko 

Japan Network Service, 2 other stations | —TTNet, Furukawa Electric 

LCV —NEC, Toshiba, Furukawa Electric 

CATV within the U.K. —CAW, IDC, Mercury 

Other Japan Cable Television —NTT (multimedia communications joint-use 
experiment) 

Nagano Cable Television —NTT, NEC, etc. (pilot experiment to be conducted 
within Nagano Prefecture. Main enterprise to conduct 
the experiment to be established in the third sector) 

NEC, NEC Cable Media Cable TV Telephone, Toshiba At-Home Health Management System, Pioneer 

Teleshopping 

STA To Expand JICST Capability — Tehama, Gessted, De a8Giiee © te ass Crleee 

94FE0889B Tokyo NIKKAN KOGYO SHIMBUN ——c——— a ng, documents « 

; Jt duties 

in Japanese 18 Aug 94 p I a Dey isti in the Th 4 - 
; with inference functions and the creation of a personal 

[FBIS Translated Text} In preparation for the advent of computer network, pu into practical use a machine 

the multimedia age, the Science and Technology Agency _ translation system, ing the construction of a 

(STA) will significantly expand the functions of the Japan two-way TV network in the science halls 


Information Center for Science and Technology (JICST; 


Japan. The STA will make a request for the operating 
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penses in the General Account of the FY1995 budget. 
Although 22 percent of JICST’s total operating expenses 
depend on the Industrial Investment Special Account (in 
the FY94 budget), the STA hopes to increase the per- 


deemed as essential to the government’s S&T promotion. 


The goal behind this expansion of JICST activities is for 
Japan to be able to take the lead over the U.S., which is 
quickly setting up the National Research and Engineering 
Network that will link major scientific research organiza- 
tions together as a part of its nationwide National 
Information Infrastructure. 


To that end, the STA’s policy is to strengthen software- 
related research activities, the inferiority of which is par- 
ticularly conspicuous. Concretely, the STA is aiming for 
the realization of a smart database that will make infer- 
ences on its own, even if data is missing; will present search 
methods; and will perform searches as it makes judge- 
ments as to whether or not the data input by the searcher 
is correct. 


Another theme is the development of a virtual database to 
aid in the development of useful substances. The virtual 
database would create virtual chemical compounds by 
freely changing the three-dimensional arrangement of 
atoms in organic compounds, which may have the same 
strcuture but become totally different substances when the 
three-dimensional arrangement of atoms differs. In addi- 
tion, to cope with multimedia, the STA will build a 
database that employs a rich array of graphics functions 
and is easy to look at and easy to understand. Because the 
Japanese language is a barrier to non-Japanese users in the 
international exchange of scientific and technical informa- 
tion, the STA is considering actively employing a machine 
translation system and will open a machine translation 
center in Washington, D.C. in FY95 to serve U.S. users. 


On the other hand, to deal with the social problem that 
“young people’s lack of interest in science and engineer- 
ing” has become, the STA will tie up with science halls 
throughout Japan and put into practical use a two-way 
television system. The system will link science halls 
together with a personal computer network so that they 
can exchange information in two directions. 


In order to stimulate the mutual sharing of information 
between research organizations, the STA will also provide 
staff, materials, and expenses to cover activities for 
organizations that difficulty building a database. 


—————— 
ommunications 
94FE0889C Tokyo NIKKAN KOGYO SHIMBUN 
in Japanese 17 Aug 94 p 2 


{FBIS Translated Text] On 16 August the Advanced Tele- 
communications Research Institute (ATR), which 
develops basic technology for 21st-century telecommuni- 
cations, —E— its plans for new ree. R&D 
projects. ere are two project themes: * intelligent image- 
information communications,” which is geared toward the 
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multimedia age, and “integrated utilization of light and 
radio waves,” the goal of which is to realize advanced 
mobile communications. The total R&D expenditures for 
these big, next-generation projects, both of which will go 
on for seven years, are expected to be ¥ 3.5 billion. The 
plan is for both projects to be financed by the Basic 
Technology Research Promotion Center, a specially autho- 
rized corporation overseen by the Ministry of Posts and 
Telecommunications and the Ministry of Trade and 


The ATR is an R&D project organization financed by the 
Basic Technology Research Promotion Center, which uses 
distributions from government-held NTT stocks and other 
such resources to support basic technology development. 
The ATR was started in 1986 with a total of four labora- 
tories under its wing that have been working to develop an 
automatic translation telephone (seven-year project, 
¥ 16.5 billion in total development expenses), an audiovi- 
sual mechanism (seven-year project, ¥ 3.7 billion), a com- 
munications system (ten-year project, ¥ 16.7 billion), and 
light and radio-wave communications (ten-year project, 
¥ 16.5 billion). The two seven-year projects ended by 
FY92. After that, the Human Information Communica- 
tions Laboratory (nine-year development period) was 
started in FY91, and the Voice Translation Communica- 
tions Laboratory (seven-year development period) was 
ave : 4 FY92, both with total development expenses of 
16.0 billion. 


The ATR’s two new projects will follow from the commu- 
nications system research that will end in FY95 and the 
light and radio wave communications research. As for the 
“intelligent image information communications” research 
that will start before those in FY94, the objective is to use 
a next-generation communications network, which the 
ATR is working seriously to set up, to achieve communi- 
cations with sophisticated images that give the user a sense 
of “actually being there.” 


Concretely, the challenge is to realize the ultimate in 
multimedia communications that would allow communi- 
cation without a sense of distance even when the two 
communicators are very far away from each other. As for 
the “integrated utilization of light and radio waves,” the 
plan is to develop technology that will be essential in order 
to realize mobile multimedia communications, ¢.g., tech- 
nology to control optical signal information so that large 
volumes of data can be transmitted through air. 


Although the Basic Technology Research Promotiou 
Center will offer FY 1994 financing items for public sub- 
scription in September, the center decided unofficially, in 
fact, to finance 70 percent of the “intelligent image infor- 
mation communications” project. Next, the ATR plans to 
boil down the details of the research, decide on which 
firms will finance the remaining 30 percent of the project 
oa, eee establish a new laboratory under its wing by 
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dies, HC Se Rerclap VED Cyutans Ge 
Experiments in 1 

94FE0889D arte NIHON KEIZAI SHIMBUN 
in Japanese 14 Aug 94 p 1 


[FBIS Translated Text] Fujitsu and NEC have 
independently developing their own next-generation 
image distribution systems, which are said to be likely 
candidates for use in multimedia service. This is the first 
time that domestic makers will develop video-on-demand 
(VOD) systems that will allow users to call up TV pro- 
grams they want to see at any time. Fujitsu aims to 
introduce its system in a CATV company it helps finance 
by the middle of next fiscal year, then it will start the first 
actual VOD experiment in Japan. NEC will also begin to 
work next year on experiments with a VOD system that it 
hopes to sell to CATV and communications companies. 
IBM and other U.S. companies have already developed 
actual VOD technology. Because they fear that their lead- 
ership in the multimedia field will be stifled by competi- 
tion from the U.S., Fujitsu and NEC have embarked upon 
their own development. 


The VOD systems to be developed by Fujitsu and NEC 
both consist of computers called “video servers,” which 
handle both the management and transmission/ 
distribution of video information; ATM ( 

transfer mode) exchange devices, which transmit the video 
signals to households at very high speeds; and “set-top 
boxes,” which serve as the terminals for households. 
Although VOD experiments have expanded in Japan, 
those involve “near VOD,” by which movies are trans- 
mitted to households at specific times, such as every half 
hour. In contrast, Fujitsu and NEC will develop actual 
VOD systems by which viewers can watch what they want 
at any time. Both companies plan to finish initial 
development sometime during next fiscal year. 


There are Japanese manufacturers who have received 
orders from overseas for VOD system equipment, but they 
deliver equipment for only a part of the system, and some 
have joined forces with U.S. manufacturers. Fujitsu and 
NEC will be the first to put together entire systems made 
with their own independent technology. 


Fujitsu will introduce the system it is developing to City 
TV Nakano (Nakano, Tokyo), a company that it finances 
and helps manage. For the time being, Fujitsu is consid- 
cosian dictstbatinn torminais for the enpesianens te 1,000 to 
3,000 households and plans to spend a total of ¥ 10 billion 
or more on development expenses. 


In the U.S. a number of CATV companies such as Time- 
Warner have announced the beginning of experiments 
using actual VOD systems, and they are also developing 
the technology in partnerships with computer manufac- 
turers. By leading its own experiment Fujitsu will stand up 
to U.S. manufacturers in the technology development 
competition. 


NEC is also developing a system for several thousand 
households and is aiming to make its technology wide- 
spread. Like Fujitsu, NEC will introduce its system in 
CATV companies that it finances. In addition, NEC will 
sell its system to CATV and communications companies 
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with which it has no capital relationships. NEC thinks that 
it can sell the basic system, i.e., the video server and 
exchange device, for several hundred million yen, not 
including the cost of setting up the household terminals 
and the communications network. 


MPT To Experiment with Personal Handy-Phone 
System Using Cable TV 

94FE0889E Tokyo NIKKAN KOGYO SHIMBUN 

in Japanese 13 Aug 94 p 5 


[FBIS Translated Text] In FY95 the Ministry of Posts and 
Telecommunications will begin a personal handy-phone 
system (PHS) experiment using a cable TV (CATV) net- 
work. The MPT is thinking about using the Communica- 
tions Research Laboratory’s wide-area interactive CATV 
facility (ACT Center), which was completed in June, to 
conduct the experiment and will include the development 
budget in its FY95 estimated budget request. Private- 
sector telecommunications firms are also planning PHS 
network that use CATV, but the MPT is considering more 
advanced utilization of CATV in anticipation of the 
multimedia age. 


The ACT Center is a hybrid-type CATV experiment 
facility that uses optical fiber in the lines up to hub (trunk 
distribution) stations and coaxial cable from the hubs to 
households. The center employs | -gigahertz-band two-way 
communications functions with which high-vision video 
can be transmitted, and has become involved in experi- 
ments in which video-on-demand, game transmission, 
karaoke, and the like are actually used. 


The new experiment that is to begin in FY95 involves PHS 
that uses the ACT Center’s CATV network. PHS will be 
practical next year for mobile communications with cord- 
less telephones that can be used outdoors as well as 
indoors. The purpose of the experiment, however, is to 
confirm whether or not a CATV network can be used for 
the lines that connect base stations. 


Fujitsu and other private companies are also planning PHS 
experiments using CATV networks, but there are other 
plans to use PHS [telephones] as the terminals for wireless 
multimedia in the future. Application experiments 
involving voice and data communications and video 
transmission are likely to be at the center of those. 


MPT Teo Establish Multimedia Mobile 
Communications Promotion Office 


94FE0889F Tokyo DEMPA SHIMBUN in Japanese 
13 Aug 94 p 2 


[FBIS Translated Text] On 15 August the Ministry of Posts 
and Telecommunications will establish a “ Multimedia 
Mobile Communications Promotion Office” and at the 
end of the month will start a forum to study multimedia 
mobile communications (to be chaired by Tadao Saito, 
Tokyo University professor). 


By March of next year the results of the forum’s investi- 
gations are to be compiled into a report. 


Progress is being made in equipping the infrastructure for 
multimedia communications based on optical fiber lines. 
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On the other hand, equipping the infrastructure for wire- 
less multimedia mobile communications, which is said to 
be the largest field for the personalization of communica- 
tions, is just ——* that reason the MPT is rushing 
to make wireless communications ready for han- 
dling multimedia and hopes to speed up Japanese- 
U.S-European tion in the technologies for that, 
and cooperation with Asia, as well. 


The forum will investigate topics such as the domain over 
which multimedia mobile communications can be applied 
ard applications, ways to proceed in making mobile com- 
munications systems ready for multimedia, standardiza- 
tion, conditions required in system development, costs, 
technology, and frequency bands. 


In addition, in the case of multimedia mobile communi- 
cations, the transmission volumes per channel are small in 
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comparison with the regular wired telephone: digital 
mobile telephones can transmit 11.2 Kbps (kilobits per 
second); personal handy phones, 32 Kbps; teleterminals, 
9.6 Kbps, and digital MCA, 9 Kbps. As ways to solve that 
problem the forum will also look into the development of 
band-compression technology and the development of 
wide-band channels based on the utilization of high 
frequencies. 


Furthermore, the U.S. is investigating advanced mobile 
communications services for personal communicators, 
which merge mobile communications with a portable 
computer. 


The MPT also hopes that the forum’s results will be 
reflected in the standards for the Future Public Land 
Mobile Telecommunications System (FPLMTS), which 
will be the mobile communications system of the future. 
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